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Chapter  !:  Irtroduction 

This  study  describes  the  nature  of  the  public  policies  which  have 
influenced  the  pace  and  pattern  of  technical  progress  in  a number  of 
key  American  industries,  and  tries  to  assess  the  broad  effects  of  these 
policies.  The  oolicies  considered  of  course  include  funding  or  subsidy 
of  certain  kinds  of  research  and  development,  but  attention  also  is 
directed  to  government  procurement,  policies  regarding  education  and 
training,  information  dissemination,  patent  protection  and  licensing, 
and  whei'e  germane,  regulatory  and  anti-trust  policies.  The  industries 
studied  are  agriculture,  pharmaceuticals,  semi-conductors,  computers, 
civil  aircraft,  automobiles,  and  residential  construction.  These  industries 
vary  significantly  in  the  pace  and  character  of  technical  progress  that 
has  been  achieved,  institutional  structure,  and  the  government  policies 
tnat  have  had  the  mcst  important  effects. 

The  present  tine  seems  particularly  appropriate  for  such  a study. 

When  there  is  an  active  search  for  new  policies  and  a sense  of  urgency 
about  the  matter,  tnere  is  little  time  or  patience  with  b'^oac  historical 
and  analytic  refection.  Over  the  past  tuo  decades  there  have  teen  three 
occasions  of  active  oolicy  interest.  Only  a short  time  ago  the  Carte*'  admini- 
stration had  a comestic  policy  review  on  industrial  innovation,  in  search  fcr 
policies  that  could  restore  A.merica’s  lagging  productivity  growth  and  inter- 
national competitiveness.  Nearly  a oecade  earlier  the  Nixon  administration  encaged 
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in  a similar  review  of  how  federal  policy  could  better  spur  industrial 
innovation,  motivated  by  similar  concerns  that  America  was  losing  her 
place  of  technological  leadership.  In  the  early  1960s  the  Kennedy 
a<ininistration  attempted  to  mount  a civilian  technology  program  as  part 
of  its  package  of  policies  to  lift  the  economy  from  the  doldrums  of  the 
late  1960s.  It  perhaps  is  revealing  that  on  none  of  these  occasions 
did  the  government  agencies  involved  engage  in  thoughtful  review  of 
past  government  policies  that  have  affected  industrial  innovation.  Indeed, 
many  of  the  documents  read  as  if  there  were  no  such  experience.  Perhaps 
relatedly,  the  arguments  (pro  and  con)  about  policies  tended  to  be  global. 
They  proceeded  as  if  structural  differences  among  sectors  in  industries 
of  the  American  economy  were  slight,  or  as  if  feasible  or  appropriate 
policies  were  independent  of  these  differences.  In  fact,  past  policies 
have  differed  significantly  from  sector  to  sector,  and  in  ways  that  seem 
appropriately  tailored  to  differences  in  economic  structures  or  purposes 
or  both.  A central  premise  behind  this  study  is  that,  if  they  are  to  be 
successful,  public  policies  to  stimulate  technical  progress  need  to  be 
nicely  tuned  to  the  particulars  of  the  different  economic  sectors. 

Perhaps  because  there  was  no  such  historical  reflection  and  analysis, 
few  of  the  proposals  that  emanated  from  the  forementioned  attempts  to 
formulate  a policy  were  presented  forcefully  enough  to  persuade  both 
the  President  and  the  Congress.  Of  those  that  were  initiated,  many 
were  abandoned  a few  years  after.  The  present,  when  there  is  little 
political  pressure  to  find  effective  active  policies  to  spur  industrial 
innovation,  seems  an  appropriate  time  for  historical  scrutiny  and  reflection. 

In  treating  the  question  of  appropriate  government  policy  to  support 
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Industrial  innovation  as  an  eopirical  one  we  are,  in  effect,  dismissing 
as  uninformed  the  sometimes  articulated  position  that  government  involve- 
aent  in  the  innovation  process  is  virtually  always  expensive  folly.  There  ' 
are.  Indeed,  many  instances  where  government  programs  were  just  that.  But, 
as  the  case  studies  we  present  will  testify,  there  are  other  instances 
where  the  success  of  such  programs  has  been  outstanding.  It  is  just  this 
variation  that  calls  for  analysis. 

In  treating  the  question  as  one  warranting  detailed  empirical  ex- 
ploration, we  are  acknowledging,  reluctantly,  that  the  general  theoretical 
analyses  and  empirical  observations  of  economists  provide  only  limited 
and  incomplete  guidance  regarding  the  kinds  of  policies  that  will  pay  off 
under  different  circumstances.  Indeed  the  economic  literature  on  this 
subject  has  grown  progressively  less  conclusive. 

A decade  ago  economists  writing  on  the  subject  were  stressing  the 
limits  of  the  ability  of  a business  firm  that  finances  an  R i D project 
to  appropriate  and  profit  from  the  benefits  that  flow  from  that  project, 
and  the  uncertainties  that  often  are  entailed  in  R i D seeking  major 
technological  advance.  The  former  appeared  to  point  toward  the  desirabilitv 
of  government  policy  to  subsidize  or  supplement  private  R 4 D,  which, 
otherwise,  would  be  conducted  at  less  than  the  socially  optimal  level. 

The  latter  seemed  to  call  for  mechanisms  for  government  sharing  of  risks 
on  large  and  adventuresome  projects.  Over  the  oast  several  years 
economists  have  come  to  recognize  that  the  situation  is  much  more  complex. 

In  the  first  place,  it  now  is  better  understood  that  the  protection 
of  an  invention  by  a patent  or  industrial  secrecy  leads  not  only  to  some 
restriction  of  its  use  (economists  long  hid  understood  that)  but  also  in 
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sone  cases  to  dupHcative  or  near  duplicative  R & D efforts  by  finss, 
which  yield  little  net  social  value.  This  phenomenon  casts  doubt  on  the 
earlier  logic  that  unaided  private  enterprise  will  spend  "too  little*  on  • 

R 4 D,  and  calls  attention  to  ineffiencies  of  the  allocation  of  R 4 D 
among  different  kinds  of  projects  that  the  industrial  R 4 D system  will 
generate.  In  the  second  place,  economists  now  recognize  better  that  the 
surrounding  efforts  significantly  to  advance  a technology  call  for  the 
exploration  of  a variety  of  different  approaches  without  premature  heavy 
financial  commitment  to  any,  and  warns  that  large  scale  concerted  efforts 
are,  in  general,  inadvisable  until  the  uncertainties  have  been  significantly 
reduced.  Again,  the  policy  problem  is  better  described  in  terms  of  a 
possible  failure  of  the  market  to  spawn  the  appropriate  portfolio  of  projects 
than  in  terms  of  private  expenditures  being  too  little  in  the  absence  of 
government  assistance. 

While,  a decade  ago,  economists  tended  to  diverge  significantly  about 
the  appropriate  roles  of  government  in  industrial  R 4 D,  there  was  con- 
sensus about  the  appropriateness,  indeed  the  necessity,  of  governmental 
support  of  basic  scientific  research.  That  consensus  has  not  become 
unglued,  but  it  now  is  better  recognized  than  earlier  that  the  simple  state- 
ment masks  an  important  policy  issue.  What  is  treated  as  basic  research, 
the  proposed  funding  requests  to  be  subject  to  peer  review,  the  research 
findings  to  be  openly  disseminated,  is  itself  a matter  of  policy  choice. 

While  most  of  the  R 4 D done  by  private  for-profit  business  firms  aimed 
at  enhancing  the  design  of  their  products  is  going  to  be  treated  by  them 
as  proprietary,  and  the  research  done  on  a basic  theoretical  problem  by 
a physicist  in  the  university  is  going  to  be  treated  by  the  researcher  as 
contributing  to  public  knowledge,  research  to  improve  seed  varieties,  or 
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to  discover  a cure  for  a particular  disease,  or  to  identify  and  measure 
the  properties  of  certain  materials,  may  eventuate  in  public  or  proprietary 
knowledge  depending  on  who  does  it,  the  sources  of  the  financing,  and  the 
precise  form  that  the  findings  take  on.  As  we  shall  see  in  the 
studies  which  follow,  in  several  industries  (agriculture,  pharmaceuticals, 
computers,  aviation),  what  the  government  in  effect  did  was  to  define 
certain  areas  as  basic,  non-proprietary,  and  proceed  to  fund  research  in 
these  areas. 

It  also  has  been  proposed  that  the  government  should  fund  R i D aimed 
at  meeting  public  sector  needs,  but  stay  out  of  funding  R & D on  private 
sector  technologies.  This  adage  too  turns  out  to  provide  little  guidance. 
Regarding  needs  of  the  public  sector,  the  government  certainly  can,  and  in 
many  cases  has,  funded  or  even  undertaken  R i D aimed  to  meet  then  better. 

But  the  fact  that  a demand  is  governmental  does  not  automatically  signal 
that  government  R & D is  needed  if  innovation  is  to  occur.  For  many  public 
sector  needs,  the  government  has  not  funded  significant  R i D.  In  many  of 
these  cases,  private  firms  have  funded  R i 0 in  order  to  create  products 
that  governments  would  find  attractive  and  would  buy.  It  is  interesting  that, 
prior  to  World  War  II,  much  of  R & D on  military  aircraft  was  funded  privately. 

To  further  complicate  the  picture,  often  no  clean  lines  can  be  drawn 
between  a technology  or  industry  devoted  to  private  needs,  and  one  devoted 
to  public  needs.  The  most  general  case  is  overlap.  Aircraft,  computers, 
semi-conducto~  devices  which  are  used  in  computers  and,  more  broadly, 
medicines,  anl  buildings,  are  inputs  into  both  private  and  public  sector 
activity.  As  we  shall  see  in  the  following  chapters,  federal  support  of 
the  development  of  a technology  for  public  sector  purposes  often  has 
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led  to  capabilities  which  sieet  private  demands  as  well. 

Similarly,  economists  studying  the  relationships  between  economic 
structure  and  technological  innovation,  and  speculating  upon  how  the 
structure-innovation  links  might  bear  on  govemnent  policy,  now  recognize 
better  the  complexities  involved.  Two  decades  ago  the  focus  was  on  the 
proposition  put  forth  by  Schmpeter,  and  later  echoed  by  Galbraith,  that 
industries  composed  of  large  firms  with  significant  market  power  tended 
to  be  significantly  more  progressive  technologically  than 
industries  more  atomistically  organized.  The  implications  of 
the  hypothesis  seemed  to  be  twofold.  First,  government  R 4 D 
might  be  needed  in  industries  where  the  bulk  of  the  firms  were  small. 
Second,  a tough  anti-trust  policy  might  be  antithetical  to  technological 
progress. 

Empirical  research  has  revealed  a more  complicated  picture  than 
suggested  by  the  simple  Schumpeterian  hypothesis.  Some  industries, 
dominated  by  large  firms,  are  not  technologically  progressive.  Some 
industries,  populated  by  small  and  medium  sized  firms,  are  very  techno- 
logically progressive.  The  early  days  of  the  semi-conductor  industry 
provides  a good  case  in  point.  The  fact  that  firms  are  small  does  not 
automatically  indicate  that  the  industry  can  benefit  from  or  even  tolerate 
government  R 4 D support.  While  government  R 4 D support  for  agriculture, 
where  the  farms  are  small,  is  a success  story,  government  attempts  to 
advance  house  construction  technologies  have  not  been  particularly  fruit- 
ful. Nor  does  the  fact  that  firms  are  large  indicate  that  government 
R 4 D support  will  not  be  fruitful.  Aviation  is  a case  in  point. 
Similarly,  there  are  no  simple  implications  for  anti-trust  policy. 
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Further,  industry  structure  and  character  of  fruitful  R i D 
tend  to  change  over  time.  It  is  conmon  , if  not  universal,  for 
new  industries  to  begin  as  a collection  of  nany  small  firms  with  important  * 
technological  developments  coming  from  individuals  or  small  groups  of 
scientists  and  engineers.  In  many  cases  such  an  initial  configuration 
tends  to  evolve  over  time  into  one  in  which  viable  firms  are  much  larger, 
and  R i D projects  much  more  costly.  This  seems  to  have  happened  during 
the  1970s  in  the  semi-conductor  inoustry.  Relatedly,  government  policies 
that  are  appropriate,  and  feasible,  at  one  stage  in  an  industry's  history 
nay  not  be  appropriate,  or  feasiole,  at  another  stage. 

Industry  structure  limits  what  government  can  do.  Whether  a government 
policy  will  be  effective  or  not  depends  at  least  as  much  on  the  changes  in 
the  allocation  of  R & D it  stimulates  as  on  whether  total  R & D spending  rises 
or  not.  In  designing  a program,  or  in  evaluating  one,  the  allocating 
mechanism  is  of  central  concern.  Government  agencies,  however,  in  some 
circumstances  are  quite  constrained  regarding  the  range  of  allocation 
mechanisms  they  can  effectively  employ.  In  particular,  there  may  be 
limitations  on  the  information  to  which  public  officials  have  access.  For 
example,  if  much  of  the  information  needed  to  make  effective  R & D decisions 
is  proprietary,  government  officials  are  unlikely  to  be  in  a position  to 
make  detailed  judgments.  And,  in  a large  pluralistic  democracy  like  ours, 
there  also  are  likely  to  be  political  constraints  on  what  gcvernments  can 
do.  For  example,  the  government  is  likely  to  be  attacked  as  unfair  if 
it  pushes  a program  which  obviously  benefits  one  part  of  an  industry  at  the 
expense  of  another  part.  On  the  other  hand,  where  firms  do  not  consider 
each  other  rivals  (as  in  farming,  or  the  practice  of  medicine)  there  are 
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fewer  constraints  on  governmental  access  and  action.  A public  sector 
nission,  as  in  aviation,  and  conputers,  also  can  relax  constraints. 

The  foregoing  conronts  were  designed  to  help  the  reader  of  tre 
following  seven  chapters  know  what  to  watch  for.  These  chapters  were 
researched  and  written  by  the  scholars  who  signed  them.  All  are  organized, 
however,  according  to  a common  format.  Each  of  the  chapters  describes  the 
industry  in  question  and  its  evolution  over  time.  Each  chapter  presents 
various  descriptions,  quantitative  and  qualitative,  of  the  technological 
advances  that  have  occurred,  and  attempts  to  trace  the  sources  of  those 
advances.  The  particular  focus,  of  course,  is  on  the  government  policies 
which  have  had  the  most  significant  influence.  The  industries  studied 
and  described  differ  significantly  in  all  of  the  respects  above. 

Agriculture,  or  rather  fanning,  is  an  industry  where  active  government 
policies  to  stimulate  technological  advance  date  back  to  the  middle  of  the 
nineteenth  century.  The  federal -state  supported  experimentation  stations, 
and  the  agricultural  extension  services,  generally  are  affiliated  with 
land  grant  state  colleges  or  universities,  still  another  government  in- 
vention aimed  to  spur  productivity  in  agriculture.  These  programs  have 
been  enormously,  sometimes  embarrassingly,  successful.  Not  so  "'ong  ago 
the  United  States  felt  it  faced  a food  glut.  Interestingly,  the  response 
to  that  was  to  establish  a food  price  support  system,  and  try  to  get  land 
out  of  cultivation,  rather  than  to  slow  down  the  governmentally  fashioned 
engine  of  progress. 

Pharmaceuticals  is  a different  story,  or  rather  a set  of  diffe’^ent 
stories.  Part  of  it  is  the  massive  government  funding  of  biomedical  re- 
search and  the  training  of  research  scientists,  largely  a post-World  War  II 
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development.  Part  of  it  is  the  complicated  regulatory  . tructure  which 
has  evolved  over  the  >ears,  first  to  check  on  the  safety  of  new  pharmaceuticals 
the  companies  proposed  to  put  on  the  market,  latf*  to  assess  the  efficacy  of 
new  drugs,  increasingly,  to  monitor  and  constrain  the  human  experimentation 
parts  of  the  research  orocess.  The  story  includes  as  well  anti-trust 
litigation,  issues  about  patent  life,  and  about  whether  physicians  be 
requir'd  to  prescribe  generically,  as  contrasted  with  by  brand  name. 

Aviation  is  an  industry  where,  from  the  beginning,  a strong  natioiial 
security  interest  has  spilled  over  to  facilitate  the  development  of  civil 
aircraft  as  well  as  military.  The  history  contains  the  aborted,  and  in 
our  eyes  at  least  misconceived,  supersonic  transport  effort,  but  it 
contains  as  well  a well-conceived  and  effective  program  under  the  Nanop'’l 
Advisory  Co.mmission  on  Aeronautics,  which  later  gave  rise  to  NASA.  Dunne 
the  1923s  and  1930s  NACA  undertook  research,  and  testing,  which  playeo 
an  extremely  important  role  in  pemitting  the  development  of  the  modern 
passenger  airliner.  Also,  in  subsidizing  the  airlines  (and  the  develCD- 
ment  of  aviation)  through  the  Airmail  Act  of  1930,  the  government  required 
that  airlines  and  airframe  producers  stand  as  separate  coroorate  entities. 
(Until  that  time  there  was  a considerable  degree  of  vertical  integrat'cn. ' 

This  structural  policy  has  had,  as  we  shall  see,  a profound  effect  on 
technological  ad-.ance  in  civil  aviation. 

Semi-conductors  scares  with  aviation  both  the  fact  of  government 
national  '“curity  interest,  and  the  strong  influences  of  governrent  policy 
with  respect  to  structure.  An  anti-trust  consent  decree  kept  Sell 
Laboratories  (wnere  the  transistor  was  invented)  and  Western  Electric 
out  of  commercial  production  of  semi-conductors,  and  opened  up  the  technology 
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for  anyone  to  use.  And  the  semi-conductor  industry,  like  the  airframe 
industry,  in  its  early  days  sold  mostly  to  a government  made  market. 

The  Industry  benefitted  greatly  from  the  support  of  research  in  basic 
physics,  and  materials  research,  sponsored  by  agencies  ranging  from  the 
NSF  to  the  DOD.  Likewise,  the  industry  was  a beneficiary  of  a strong 
federal  support  given  during  the  1960s  to  advance  scientific  and  engineering 
education. 

The  first  operational  computers  were  developed  on  government  contract. 
The  early  market  for  computers  was  largely  governmental.  The  computer 
story  and  the  semi-conductor  story  are,  of  course,  closely  intertwined. 

But  whereas,  in  the  semi-conductor  case,  government  policy  led  to  an 
industry  consisting  initially  of  many  firms  no  one  with  a major  initial 
headstart  over  the  others,  in  the  computer  case  a dominarc  firm  came  into 
being  very  early  in  the  game.  Thus  the  computer  case  tynfies  the  anti- 
trust policy  dilemma  that  occurs  when  a firm  comes  to  dc-inate  an  industry 
because  (initially  at  least)  it  made  shrewd  judgments  araut  where  the 
technology  and  the  market  were  going. 

The  automobile  industry  is  one  where  the  government's  influence  on  the 
evolution  of  technology  has  been  indirect  and,  until  recently  at  least, 
unintended.  At  the  present  time  the  story  is  mainly  about  clean  air  and 
safety  regulation,  and  the  effect  of  these  on  R i D incentives  and  con- 
straints. Policies  affecting  gasoline  prices  also  have  been  important.  The 
r*ecent,  and  now  aborted,  cooperative  automobile  research  program  represents 
an  attempt  to  define  for  the  automobile  industry,  a range  of  non-proprietary 
research,  for  which  federal  funding  would  be  appropriate.  There  are 
some  interesting  parallels  with  other  industries,  like  farming,  and 
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pharmaceuticals,  where  a similar  "non-proprietary"  area  has  been  defined. 

Housing,  or  residential  construction,  is  a sector  where,  by  all 
■easures,  technological  progress  has  been  very  slow.  It  often  has  been 
alleged  that  the  government,  through  its  building  codes,  and  nore  recently 
through  other  forms  of  regulation,  has  been  a large  part  of  the  problem. 

As  we  shall  see,  that  is  arguable.  Residential  construc'.'on  is  interesting 
for  our  purposes  largely  because  it  is  a sector  where,  several  times,  the 
federal  government  has  tried  to  organize  an  R i D support  program,  each 
time  without  much  success.  Each  time,  a.nalogies  were  drawn  to  agricultu»-c . 
but  apoarently  the  analogies  were  wrong,  or  at  least  incomplete.  The*‘e 
clearly  are  sone  interesting  issues  here. 

But  already  I am  slipping  over  into  a comparative  discussion.  The 
great  advantage  of  collecting  a number  of  dif^e-cnt  case  studies,  each 
covering  comparable  material,  is  tnat  this  does  permit  comparison.  The 
concluding  chapters  of  this  volume  will  be  explicitlv  comparative  in 
nature,  and  will  attempt  tc  assess  w+iat  kinds  of  policies  are  appropriate 
to  what  objectives  and  what  industry  structures.  One  comparative  chapter 
will  deal  with  gcverr.'~ent  R i D support,  procurement  activity,  a"0  support 
of  education.  A second  chapter  will  be  concerned  with  regulation,  anti- 
trust, and  other  government  policies  whic.h  have  influenced  the  structure 
of  industrv,  and  thus  indirectly  the  pace  and  pattern  of  technological 
advance.  The  final  chapter  draws  seme  general  lessons. 


CHAPTER  II 


Inncvaticn  in  the  Sanioonductcr  Industry* 

Riciiard  C.  Levin 
Yale  University 

August,  1931 


*AlthcxKjn  based  on  the  sa-ie  research,  this  report  is  scnewhat  differed 
focus  from  the  chapter  that  will  actually  be  included  in  the  final  ver 
of  this  volume. 
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Innovation  In  tha  SasicaaducCor  Induatxy:  la  a Slowdowa  ZninantT 


Tha  Innovatlva  record  of  Che  aealeonductor  induaCry  has  been  coa  of 
ct»  oajor  aucceaa  atorlea  of  the  Aaarlcan  econoorr  In  Che  aecond  half  of  the 
Cvenclech  cenCury.  In  vlrCually  every  perfonaance  dlncnaloa'>-speed,  coopu- 
caclonal  capacity,  Bjesory  storage  capacity,  conpactneas  of  equipoant  re- 
quired for  a given  function — progress  has  been  astounding.  Perhaps  none 
of  the  oyrlad  statistics  describing  the  industry's  performance  conveys  its 
astonishing  record  so  vividly  as  a comparison  made  by  A.  Osborne  (1979) . He 
notes  chat  if  transport  technology  had  progressed  from  stagecoach  to  Che 
Concorde  as  rapidly  as  electronics  technology  has  progressed  since  the 
transistor,  the  Concorde  would  carry  a half  million  passengers  at  twenty 
mlllloo  miles  per  hour  at  a cost  of  less  chan  one  cent  per  passenger.^ 

Recently  there  have  been  expressions  of  concern  that  the  pace  of  in- 
novation in  Che  semiconductor  industry  is  likely  to  slacken  in  the  near 
future.  In  part  this  concern  reflects  a belief  that  the  semiconductor  in- 
dustry will  succumb  to  Che  sane  array  of  forces  which  have  apparently  reduced 
the  pace  of  productivity  growth  across  the  wide  spectrum  of  American  Industry. 
But  in  considerable  part  concern  about  the  future  of  semiconductor  innovation 
arises  from  a view  chat  the  industry  is  entering  the  mature  stage  of  its 
life  cycle.  In  this  view  the  semiconductor  industry  is  headed  inexorably 
down  the  road  takan  by  the  automobile  and  steel  Industries,  whereupon  repeated 
major  product  innovation  gives  way  to  incremental  process  innovation,  capital 
requireaenS  escalate,  minimum  efficient  scale  riaee  more  rapidly  than  market 
demand,  coocentraCion  ensues,  the  role  of  small  firms  and  new  entrants  as  a 
locus  of  innovation  is  drastically  diminished,  and  the  rate  of  technical 
progress  eventually  declines.^  On  the  surface,  there  appears  to  be  some 
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evidence  supporcing  Chle  view  thet  the  laduetry  Is  epproechlng  technologlcel 
naturlcy.  The  coat  of  R & 0 end  of  capital  equipment  has  been  rising  rapidly, 
there  has  been  substantial  movement  toward  vertical  Integration,  entry  bar- 
riers appear  to  be  Increasing,  and  Che  technological  supremacy  of  the  U.S. 
Industry  has  been  subject  to  Intensive  competitive  pressures  from  Japanese 
firms,  heavily  subsidized  by  their  government. 

The  object  of  this  paper  la  to  explore  the  plausibility  of  the  view 
that  the  semiconductor  Industry  Is  on  the  threshhold  of  a productivity  slow- 
down. First,  data  on  R & D and  patents  will  be  briefly  examined  to  see  if 
a slacVenlng  of  Innovative  effort  Is  as  yet  perceptible.  Second,  Che  Impll- 
catloos  of  changing  technology  for  Che  structural  evolution  of  Che  Industry 
will  be  explored,  as  will  in  Cum  the  Implications  of  structural  change  for 
Che  likely  character  and  pace  of  future  innovation.  Finally,  I will  discuss 
the  likely  Impact  of  a major  new  program  of  government  R & D support,  the 
Verv'  High  Speed  Integrated  Circuit  (VHSIC)  Program  of  the  Department  of 
Defense.  In  this  latter  discussion,  I will  emphasize  the  Importance  of 
designing  policies  which  can  stimulate  Innovative  performance  without  pro- 
pelling the  Industry  to  an  unnecessarily  early  maturity. 

Recent  Trends  In  Semiconductor  Research  and  Development 

A direct  attempt  to  quantify  the  level  and  rate  of  change  of  the  pro- 
ductivity of  semiconductor  R & D Is  beyond  the  scope  of  this  paper.  As  noted 
elsewhere  In  this  volurv,  the  measurement  of  R S D productivity  la  an  exercise 
fraught  with  peril.  In  an  Industry  like  semiconductors,  where  firms  sell  numer- 
ous non-hooogenous  products,  where  each  of  these  outputs  Is  characterized  by 
multiple  attributes,  and  where  good  price  indices  for  these  attributes  are  not 
readily  obtained,  measurement  of  R & D productlvaty  is  a task  requiring 


3 


palnstalcliig  effort  and  a irlUlogsaaa  to  aaka  ncBaeroua  harole  asaiaptloos . 

Evas  tha  available  naaauraa  of  Inputa  to  the  Ixxoovatlva  proeasa  are  Iccoaplat* 
and  not  aaally  Intarpratad.  In  dlacusaiooa  vlth  K & D Banagara,  I have 
learned  that  it  ia  often  the  caae  that  what  counta  aa  one  fira'a  R & D ia 
often  labelled  routine  engineering  ezpenaa  by  another. 

Quite  apart  from  this  problem  of  Inconsiatent  definition,  it  ia  difficxilt 
to  accurately  gauge  the  aggregate  level  of  Innovative  effort  for  the  simple 
reason  that  most  firms  do  not  distinguish  R & D expenditures  directed  ex- 
clusively toward  semiconductor  technology.  Indeed,  most  semiconductor  R & D 
is  done  by  firms  whose  reported  corporate  R & D includes  expenditures  on 
computer,  talecommunicationa,  or  military  systems  technology.  Nevertheless, 
by  pulling  together  data  from  a variety  of  sources,  one  can  begin  to  ascertain 
whether  senlconduccor  R & D effort  has  begun  to  decline. 

Table  1 presents  several  alternative  estimates  of  industry-vlde  R & D 
expenditures.  Prior  to  1972,  the  National  Science  Foundation  reported 
relevant  data  only  at  a very  high  level  of  aggregation,  coi^lning  all  R & D 
expenditures  firms  whose  primary  product  was  categorized  by  the  Standard 
Industrial  Classification  as  cocziunlcations  equipment  (SIC  366),  electronic 
components  (367),  or  coixiunlcations  services  (48).  In  this  broadly  defined 
industry,  total  R 6 D did  not  keep  pace  with  the  growth  of  sales;  expenditures 
declined  slightly  in  real  terms  from  1968  to  1973  and  declined  more  rapidly 
thereafter.  However,  the  entire  decline  in  real  R & D spending  is  accounted 
for  by  government  spending.  Company  R & D grew  in  real  terms  through  1973, 
keeping  pace  with  the  growth  of  sales.  While  the  NSF  data  do  not  break 
down  total  R & D by  funding  source  for  years  in  the  later  1970s,  there  is 
soma  indication  that  these  trends— company  R & D growing  in  proportion  to 
sales  and  government  R & D declining — continued  throughout  the  decade.^ 
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Table  1 


Alternative  EstlBatea  of  Semiconductor  R & D Bzpendlturea 


1963 

1968 

1973 

1977 

NSF: 

Coammlcatlons  equipment  and 
electronic  components  (SIC  366,  367,  48) 

Companyfunded  R & D ($  millions) 

564 

1000 

1511 

maw 

Covemment-funded  K 6 D ($  millions) 

1209 

1538 

1608 

«m-a 

Toul  R 6 0 (6  millions) 

1773 

2538 

3119 

3549 

Companyfunded  R & D (Z  of  sales) 

4.2 

4.0 

4.0 

Government-funded  R & D (Z  of  sales) 

8.8 

6.0 

4.3 

aM 

Total  R & D (Z  of  sales) 

13.0 

10.0 

8.3 

7.4 

NSF: 

Electronic  components  (SIC  367) 
Company-funded  R & D ($  millions) 

260 

Covemmant-funded  R 6 D ($  millions) 

— 

— 

146 

—mm 

Total  R & D ($  millions) 

— 

— 

406 

751 

Companyfunded  R & D (Z  of  sales) 



__ 

3.0 

Mm 

Covemment-funded  (Z  of  sales) 

— 

2.3 

Mm 

Total  R 6 D (Z  of  sales) 

— 

— 

5.3 

7.0 

NSF: 

Total  Industrial  R Ci  D 

Companyfunded  R & D (Z  of  sales) 

1.9 

2.1 

2.0 

2.1 

Covemment-funded  R & D (Z  of  sales) 

2.6 

1.9 

1.2 

1.1 

Total  R & 0 (Z  of  sales) 

4.5 

4.0 

3.2 

3.2 

1974 

1978 

ITC: 

World  vide  Semiconductor  R & D by  U.S.  firms 
Total  R & D ($  millions) 

330 

530 

Total  R 6 D (Z  of  sales) 

15.2 

14.4 

ITC: 

Jspsnese  Semiconductor  R & D 
Total  R & D ($  millions) 

75 

199 

Total  R 6 D (Z  of  sales) 

6.7 

B.O 

VLSI  Program:  govc*mment  expenditures  ($  millions) 

12 

33 

company  expenditures  ($  millions) 

18 

50 

Sourcea:  National  Science  Foundation,  Research  and  Development  In  Induatry.  Vaablngton:  U.8.  Cmrammint 

Printing  Office,  annually,  International  Trade  Coonlaalon,  Competitive  Factors  Influencing  World 
Trade  In  Integrated  Circuits,  Washington,  1979. 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


OnJGtNAL  PAGE  IS 
OF  POOR  QUAimr 


s 


Sire*  1972  thi  BST  baa  r^rted  ■«p«rata  d«ta  for  flraa  «bo««  prlaoxy 
pzodoet  folia  vlthln  tha  thzaa-dlslt  Indnatzy  elaaslflad  as  alactronle  eoi»-' 
poBcata.  This  catasorj  ixaclodas  soot  aarehant  saBlceodoctor  flxao»  hot  it 
axelodas  flm  soch  as  AIT  and  CTS  sfalch  ara  praaisMbly  coontsd  la  tha  aora 
hlshlj  agsrtgatsd  totals  Just  dlscnssad.  In  dils  siora  narrowly  daflaad 
industry,  K & D increasad  substantially  both  la  rsal  taras  and  as  a pax- 
ccntaga  orar  aalas  through  tha  aid-1970s. 

Tha  apparently  substantial  iaereasa  in  seaiconductor  K & D is  striking 
when  coeparsd  to  the  pattern  of  total  iadustrial  R & D azpenditura  In  tha  D.S. 
As  Table  1 indicates,  total  iadustrial  RAD  has  fallen  froa  4.SZ  of  sales 
in  1963  to  3.2Z  of  sales  in  tha  aid-1970a.  Indeed,  real  RAD  expenditures 
ham  been  essentially  flat  since  the  aid  1960s.  Interestingly,  the  decline 
Is  entirely  attributable  to  tha  cutback  In  govemaent-fuxkded  RAD.  PrlTstely- 
supported  RAD  has  grown  at  approziaately  the  saae  rate  as  the  econoey. 

Data  coepUed  by  the  International  Trade  Coasdsslon  conflra  tha  ia- 
prcsslon  of  significant  recent  RAD  growth  In  the  seaiconductor  Industry. 

The  ITC  figures  include  estiaates  of  tha  sealconductor-relatcd  RAD  par- 
foraed  worldwide  by  U.S.  flras.  Including  wartically  integrated  producers 
such  as  ATT  and  IBM.  It  is  interesting  to  coaparc  these  figures  with  ITC 
astlsates  of  Japanese  seaiconductor  RAD,  which  grew  at  a rate  far  In  ex- 
cess of  the  D.S.  expenditures.  Tha  wary  substantial  boost  given  to  the 
Japazieae  industry  by  the  govemaent-sponsored  VLSI  prograa  begun  in  1974 
Is  clearly  indicated  In  Table  1. 

As  further  evidence  of  tha  continued  r^pid  growth  of  D.S.  aeal- 
conductor  Industry  RAD,  Table  2 presents  corporate  R A D as  a percentage 
of  sales  for  the  five  leading  open-aarket  producers  of  Integrated  circuits.^ 

Of  tha  five  fires,  which  together  accounted  for  $379  aUllon  In  corporate  RAD 
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Table  2 


R fc  D aa  a Percentage  of  Salea  for  the  Largeet  Merchant  Sealconductor  Flrw 


rira  (by  1979  aalea  rank) 

1973 

197A 

1975 

1976 

1977 

1978 

1979 

1980 

Teaaa  Inatnaaenta 

7.2 

6.2 

3.7 

4.4 

4.7 

4.4 

4.2 

4.6 

Motorola 

6.6 

8.1 

7.5 

6.8 

5.9 

6.0 

6.2 

6.5 

Intel 

7.0 

7.8 

10.6 

9.2 

9.9 

10.3 

10.1 

11.3 

Rational  Semiconductor 

8.8 

8.8 

8.8 

7.6 

8.2 

8.7 

9.4 

8.2 

Fairchild 

9.7 

9.5 

11.9 

9.9 

9.5 

9.4 

— 

— 

Sourcea!  Standard  k Poor,  Coapuatat  data  file;  corporate  annual  reporta. 
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OK*0*NAt_  iL 

GY  -O-JN 

•zpcndlc«r«a  ta  1978,  ooly  ^sas  Instnants  has  «zp«rlaic«d  a <arHna  la 
tha  Tado  of  I.  & D aalaa  orar  tba  parlod  1973^1980.  Ibtaa  of  tha  otiiar  fixes 
have  bald  rooshly  eonscaat,  vhlla  Iatal*a  K & D has  Increased  cvaa  acre 
rapidly  than  Its  phcnoEmal  sales  growth.  It  sboold  be  kept  la  alad  diat 
these  flraa  experienced  sales  growth  at  average  axamal  rates  ranging  fro« 

8.4X  to  36.51  over  the  period. 

Data  on  scaicondnetor  patenting  activity  tend  to  cooflm  the  ii^reaa^ 
ion  conveyed  by  the  K & D data.  Patent  counts  are  a notably  iapreclse 
■aaatxre  of  S.  & D outpat,  since  tits  valua  of  a patent  varies  widely  both  serose 
and  vihUn  patent  claseec.  Hevertheless,  within  a single  flxn  or  a single 
industry  the  trend  in  patent  activity  over  ties  probably  gives  a reasonable 

t 

indication  of  whather  innovative  cctivity  is  increasing  or  declining. 
Coeparisona  Bade  across  ficas  are  less  aeaningful,  since  Idloeyscracles  of 
corporate  history  and  strategy  often  lead  to  wide  interfirw  discrepancies  in 
die  propensity  to  patent. 

Table  3 presents  alternative  Bsasuree  of  patenting  actlvlcy  at  several 
levels  of  aggregation.  A report  recently  icaued  by  tha  Office  of  Technology 
Asseasaent  and  Forecast  (1931}  reveala  that  for  the  patent  classea  encoopass- 
Ing  inventions  in  integrated  circuit  structure  there  has  been  no  perceptible 
slackening  in  the  rate  of  patents  granted  to  U.S.  fina.  There  has,  however, 
been  sobs  decrease  in  the  number  of  patents  granted  per  constant  dollar  of 
K 6 D axpandlturc.  Ob  tha  otbar  band,  in  the  broader  HSF  category  of  electronic 
eo^iooents  acd  cocaunicationa  equipaent,  patents  per  dcUar  have  increased 
while  the  rats  of  patenting  has  declined  101  in  tha  daesde  1967-77.  Taken 
overall,  thsae  figurea  related  to  seaicooductor  Industry  activity  are  bosc 
reasonably  intsrpratsd  as  showing  no  decidsd  trend.  The  contrast  with  total 
U.S.  patenting  activity  is  striking,  sines  both  tha  laval  of  patanting  and 


Table  3 


Senlconductor  Fateotlng  Activity 


1967 

1972 

1977 

Integrated  C Ircuit  Structure 

Patents  granted  of  U.S.  origin 

108 

145 

151 

Patenta  granted  of  foreign  origin 

9 

70 

99 

Total  patenta  granted 

117 

215 

250 

Patents  of  U.S.  origin 

per  constant  nillion  $ R 6 D 

0.44 

0.29 

Electronic  Cosponents  and  CooHunlcationa 

Equipment 

Patenta  granted  of  U.S.  origin 

5,5A6 

5,020 

Patenta  per  constant  million  $ R & 

D 1.81 

2.00 

All  Product  Fields 

Patenta  granted  of  U.S.  origin 

51,276 

41,452 

Patents  per  constant  million  $ R & 

D 2.47 

— 

1.96 

Sourcaa:  Office  of  Technology  AaaeaaBant  and  Forecast , U.S.  DepartaMnt  of  CoMarce,  Patent  Frofllest 

Mlcroeconoelca  1.  Waahlngton:  U.S.  Govemaent  Printing  Office,  February  198! ; 

National  Science  Foundation,  Science  Indicatora,  Washington:  U.S.  Covenuaaot 

Printing  Office,  1980. 
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sad  patents  per  B.  & S dollar  deellaed  20Z  over  tits  1967-77  period. 

Tbo  coocluslon  of  ao  signiftesnt  dscllns  la  relnforcsd  bp  data  on 
patents  graated  to  Indlvldoal  seefcondaetor  fixes.  The  patents  coontad  la 
Table  4 lacloda  scalcondaetor  ptocess  sad  product  laveatlons,  drawn  froa  a 
wider  group  of  patent  elasaas  tbsa  osed  la  tba  Patent  Office  report  noted 
above.  Agaia,  It  shoatd  be  capbaalsed  that  each  flm's  iatertcnporal  pattezn 
Is  of  greater  significance  than  the  variation  across  fixes,  which  reflects 
differences  In  strategies  regarding  the  protection  of  proprletaxp  knowledge. 

Plnallp,  erode  aeasures  of  Integrated  circuit  technical  psraaetere 
and  performance  do  not  as  yet  reveal  a decisive  slackening  la  the  pace  of 
technical  change.  The  trend  to  ■inlstmrlsatlon  continues  steadily.  Minimus 

f 

feature  sixes  shrunk  at  a constant  rate  through  the  1970s  to  the  neighbor- 
hood of  2 nlcrona  In  1980  for  the  highest  resolution  production  processes. 

The  nunber  of  circuit  eleocnts  per  chip  has  roughly  doubled  every  year, 
although  experts  expect  sooe  moderate  reduction  In  this  pace.  Through  the 
aid- 19 70s,  Bsaory  storage  edacity  per  chip  followed  a trend  of  doi&Ung 
every  year,  as  the  successive  introduction  dates  of  the  IK,  4K,  and  16K 
dynaaic  random  access  seaoxy  (SIM)  chips  were  approxiaately  two  years  apart. 

It  eppeara,  however,  that  the  spacing  between  devices  representing  the  next 
two  fourfold  isproveaents  has  increased  to  about  three  years.  It  is  difficult 
to  perceive  a decline  in  the  race  of  technical  progress  froa  lOOZ  to  60Z  per 
year  as  serious  cause  for  alaxa. 

Changing  Technology  and  Bvolvlag  Market  Structure 

Althou^  the  available  data  do  not  reveal  a slowdown  la  innovative 
activity,  there  are  uaalatakabla  signs  of  alteration  in  the  structure  of  the 


Table  A 


Patents  Granted  to  the  Largest  Merchant  Semiconductor  Flms 


Firma  (by  1979  aalea  rank) 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

Texas  Inatruaents 

58 

52 

61 

52 

69 

44 

43 

Motorola 

62 

88 

56 

71 

63 

48 

43 

Intel 

3 

5 

8 

5 

15 

16 

11 

National  Semiconductor 

5 

3 

4 

10 

11 

22 

24 

Fairchild 

13 

16 

6 

19 

24 

17 

11 

lAl 

16A 

.135 

157 

182 

147 

132 

Source:  Office  of  Technology 

Aaaeaement  and 

Forecast, 

special 

computer 

run. 
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sealeonductor  ladoAtry.  ThsM  •troetoral  eha&sM,  vtilch  art  largely  th«  co3- 
sequeocM  of  tbo  ctoItIjis  technoloty,  fit  to  aoM  dsgTM  tb«  pattan  of 
mtoratloa  daaeribod  la  tha  iadoatxy  Ufa  cycla  aodel  of  Abazoathy  cod 
Utterback.  A atrlct  appUcatloa  of  tba  aodel  would  Tlav  thcaa  e^x'octnral 
changea  aa  leading  Inerltably  to  a redoeed  pace  and  altered  character  of 
technical  change  In  tba  Indoatry.  In  thla  aectlon  1 «U1  briefly  deacrlba 
the  forcea  driving  atructoral  change,  and  then  proceed  In  tbe  following 
aectlon  to  dlscuaa  the  Ispllcatlona  of  atructoral  change  for  the  future 
course  of  aealcondoctor  Innovation. 

The  donlnant  trajectory  of  acalcooductor  technology  haa  been  toward 
ainlaturlratlon,  a course  upon  which  progress  requires  a faally  of  related 
technological  advances.  Scaling  down  Individual  clrciilt  eleaenta  requires 
finer  lines  etched  In  the  silicon  sxibatrate,  which  In  turn  reqxilres  litho- 
graphic equipaent  of  higher  rcaolutlon,  aillcon  with  fever  lapurltlea,  and 
■ore  precise  techniques  of  "dopiz^'  tbe  silicon  to  achieve  the  desired 
electrical  properties.  Increasing  the  nuaber  of  functlosa  perforaed  on  a 
single  chip  also  requires  advances  In  the  techniques  of  circuit  design  rad 
Innovations  In  sechods  of  testing  end  quality  control.  Significant  progress 
was  Bade  along  all  c'^^se  required  dlaenalons  in  the  lv70s,  and  aoat  Industry 
participants  expect  Chat  ninlaturlzatlon  vUl  reaaln  the  donlnant  techno- 
logical trajectory  of  tbe  next  decade. 

Econonlcelly , slnlaCurlxatloc  haa  been  accoapanled  by  exponenclally 
decreasing  cost  per  circuit  fuz^ctloo.  But  ninlaturlzatlon  has  iaslied 
significant  increases  In  tbe  capital  reqolreaents  of  aeaiconduetor  prodxn:t 
dcvelopncnt  and  production.  According  Co  Moore  (1979),  the  nan 'hour  re- 
qulrimenta  of  circuit  design  hava  risen  note  chan  fivefold  in  the  last 
decade.  The  coat  of  photoeiaaklng  eqtilpMat  risen  draaatically.  Indeed, 
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ths  cost  of  eleecroa-ben  vrltors  In  tha  eoals<  an  of  nrj  larf*  scalo 
Integration  (VLSI)  1«  expected  to  exceed  the  coat  of  optical  printers  need 
in  current  LSI  technology  by  a factor  of  six  or  aere.^  These  and  other  In- 
creases In  coital  coats  underline  the  econonlc  necessity  of  high  Tolune 
production.  These  related  trends  iaply  that  efficient-scale  entry  at  or 
near  the  frontier  of  Integrated  circuit  technology  is  &any  tines  nore  costly 
than  It  was  a decade  ago. 

The  evidence  on  nev  entry  la  consistent  vlth  the  observed  technologically 
driven  Increases  In  capital  requlreoenta  and  alninua  efficient  scale.  Anong 
a aanple  of  90  sealconductor  flms  employed  by  researchers  at  Charles  Klver 
Associates  (1980),  cventy-flve  entered  the  Industry  between  1951  and  1959,  a 

rate  of  2.78  new  flms  per  year.  The  entry  rate  spurted  In  the  early  1960s 
and  again  from  1968  to  1971,  so  that  the  average  anntial  number  of  new  flms 

from  1960  to  1972  was  4.69.  Yet  despite  rapid  market  gtovtz  after  1975, 
only  four  new  firms  entered  over  the  period  1973-78,  a rate  of  0.67  per 
year.  This  precipitous  decline  In  the  rate  of  entry  coincides  of  course 
with  the  collapse  of  the  U.S.  venture  capital  market,  but  it  seems  unlikely 
to  be  wholly  the  consequence  of  reduced  capital  availability.  It  Is  notable 
that  when  venture  capital  resumed  flowing  again  In  1979  a wave  of  new  entry 
occurred.  But  the  nev  entrants  have  not  aimed  toward  high  volume  production 
of  standardized  circuits,  as  did  a number  of  the  successful  new  ventures  of 
the  middle  and  late  1960s.  Rather,  recent  entrants  have  sought  to  fill 
specialized  niches  in  the  marketplace,  a point  which  will  be  given  d\ie 
emphasis  shortly. 

In  addition  to  raising  the  cost  of  new  entry,  miniaturization  has 
also  pushed  firms  in  the  direction  of  increased  vertical  integration,  both 
directly  and  indirectly.  The  direct  technological  imperative  for  vertical 


Intcsratlok  camaa  froa  tha  lactMalngly  blnrrad  diatlactloB  baevaca  alactTmle 
coo^^oaents  sod  systcaa.  As  aora  and  asra  faactlnoa  axa  boUt  eato  a alalia 
chip,  aystaa  daalcn  la  m loasar  a aattar  of  conflforiaf  atandazdlaad  ce»- 
pooanta.  Chip  tad  ayacaa  dealfn  hava  bacoaa  lacrcaalngly  latardapcndaat. 

Thua,  prodocaxa  of  downatraaa  alactroole  prodoets  lava  graatar  Inecntlva  to 
aeqalra  tha  capability  for  la^hoosa  daalgn  and  productloa  of  cnstcolxad 
circuits.  And  aarchsnt  suppUars  of  latagratad  circuits  hava  graatar  in- 
centlva  to  dasign  products  around  thslr  Innovatlva  circuitry. 

Tha  leas  direct  chain  of  causation  runs  froa  miniaturization  to 
vertical  Integration  via  the  Incraasad  capital  raquiraaants  discussad  above. 
Despite  higher  entry  barrlars,  the  aenicoaductor  Industry  raaalns  sufficiently 
coapetltlvo  to  keep  profit  aarglna  at  or  below  tha  non  of  U.S.  aanufacturlng 
Industries.  In  the  face  of  rising  capital  costs,  tha  ability  of  saaller, 
indapeodant  sealcondnctor  fins  to  finance  growth  Internally  has  bean  savarely 
laq>alred.  Vhlla  one  night  hava  expected  graatar  usa  of  external  capital 
Bsrkata  to  finance  Invcstaant,  the  decided  trend  throng  tha  middle  and 
lata  1970s  has  been  toward  aequlsition  of  sealconductor  fins  by  larger 
firms,  most  of  then  nenufacturers  of  alactronlc  products  or  systems.  Many, 
but  not  all,  of  the  recent  scqulaitioos  have  been  by  foreign  electronic  firms, 
aotlvsced  by  access  to  advanced  technology  and  to  marketing  channels  within 
the  D.S. 

Thus,  technological  forces  appear  to  have  driven  the  aenicoaductor 
Industry  toward  a aarkst  structure  that  Is  baginning  to  exhibit  some  of  the 
attributes  of  aaturatlon — notably  Incrsaaes  in  wt-«  efflclsnt  scale,  high 
entry  coats,  and  vertical  Integration.  Vhathar  those  structural  changes  are 
ynt  serious  cause  for  concern  la  another  question.  The  link  between  a 
nature  industry  structure  and  a slowdown  In  tha  rata  of  Innovation,  while 
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v«ll  Uloatratod  by  axio^lM  Is  the  lltaratsr*.  Is  by  no  mass  dscislTsly 
eatabllahad.  Moraovar,  thara  ara  aapacta  of  tha  aanlcondoctor  Indoatry's 
recant  history  vhlch  atroagly  aatS**^  Mt  yat  reached  atmetural 

■aturlty.  Thus,  for  raasooa  to  be  explained  is  tha  next  aactioo,  I see 
little  reason  to  conclude  that  a slo«fdown  is  IssovatlTa  parfomance  is  la- 
Bisent.  Havarthelaas , there  are  policy  decisions  on  the  horizon  vhlch  vUl 
be  influential  in  dateraining  whether  the  forcea  driving  continued  techno- 
logical dynaalsn  are  to  be  atrengthaned  relative  to  the  forcea  driving  the 
Industry  toward  maturity  and  diminished  Innovativenesa. 

The  Implications  of  Structural  Change  for  Innovative  Parfomance 

In  stylized  models  of  the  Industry  life  cycle,  technological  competition 

eventually  produces  a relatively  small  number  of  surviving  firms — typically 
integrated  both  vertically  and  across  a full  line  of  related  products,  enjoy- 
ing acoaomies  of  scope  and  scale,  and  protected  by  aubstantlal  barriers  to 
entry.  In  such  an  environment,  radical  prodt;cc  Innovation  gives  way  to  in- 
cremental product  change  and  refinements  in  process  technology.  Oligopolistic 
interdependence  and  comfortable  profit  margins  dampen  the  vigor  of  technolog- 
ical compeciClon  and  productivity  gains  proceed  at  a modest  pace. 

This  characterization  may  apply.  In  very  broad  outline,  to  some ''mature" 
U.S.  industries:  for  example,  automobiles  and  major  electrical  appliances 

such  as  washers,  dryers,  and  refrigerators.  But  despite  rising  entry  coats, 
and  the  growing  Importance  of  scale  and  vertical  integration,  the  semiconductor 
Industry  does  not  yet  resemble  the  typical  "mature"  industry.  First  of  all, 
while  there  have  been  some  clear  winners  and  losers  in  technological  competition, 
market  concentration  has  not  yet  begun  to  rise  significantly.  The  top  four 
producers  of  sesdconductors  had  33  percent  of  worldwide  sales  in  1971,  32 
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parce&c  la  1975,  aad  30  p«xeeac  la  1979.^  Moraovar,  than  haa  baao  ai^ 
■tantlal  turaorar  aaoof  tba  aarkat  leadara.  Oaly  oaa  (Tazaa  laatruaaota) 
of  tha  top  flra  U.S.  pxrdocara  of  traaalatora  la  I95S  la  aaoef  tha  top  fl'va 
producara  of  latagrrccd  clrculta  today.  Flra  of  tha  top  taa  latagratad 
circuit  producara  la  I97S  vara  not  among  tha  top  tan  aaalcoiiductor  fixaa  la 
1965,  aad  four  of  thaaa  firaa  vara  aatabUahad  aftar  1960.  Today'a  acal- 
ccoductor  Induatry  contains  not  thraa  or  four  anjor  fall-llna  producara  with 
auL^tanClal  tachnologlcal  oopfalatlcatlon,  but  parhaps  15  or  20  fins  aorld- 
vlda  with  cha  capability  for  significant  Innovation  and  aarkat  panatratloa 
across  a range  of  tachnologles  and  applications. 

Evan  if  the  technology  race  In  the  aaalconductor  Industry  had  pro- 
duced  a sasller  nuaber  of  survivors  and  a aore  concentrated  industrial 
structure.  It  is  not  obvious  that  the  rate  of  Innovation  would  alackan  as 
a conaequence.  The  link  between  aarket  structure  and  Innovation  la  not  so 
slsple.  Technological  coapetltlon  Influences  aarket  atructure  by  producing 
successful  flras  which  expand  and  failures  which  contract.  Market  atruetura 
In  turn  influences  the  Incentives  to  innovate.  Tha  claia  of  life  cjrcla 
theorists  that  oligopoly  channels  innovative  effort  In  conservative  directions 
is  plausible,  but  so  la  the  Schuapcterlan  arguaent  that  concentration  laproves 

the  predictability  of  the  econoolc  enrlronaent  and  thus  proaotes  InvestMnt 
In  technologically  risky,  long-tera  projects.  To  disentangle  the  likely 
li^act  of  aarket  structure  on  Innovation,  it  la  asacntlal  to  isolate  tha  In- 
dependent forces  which  jointly  Influanca  both  raallsad  aarket  structure  and 
Innovatlva  parforaanca.  These  forces  Include  tha  tmdarlylng  dmsnd  for  cha 
Industry's  products,  tha  Inherent  scientific  snd  tachnologlcal  opportunltlaa 
confrondag  Cha  Industry,  and  the  ease  by  which  tha  returns  froa  innovation 
can  be  appropriated  by  an  innovator. 
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Vbaa  OM  reflect*  open  the  deataid,  opportunity,  ead  epproprleblUcy 
coodltlooe  facias  the  acalcondoctor  Indoatry,  it  is  evident  that  the  In- 
dustry bears  little  reseablance  to  those  industries  vfaich  are  paradlsmtie 
of  tbs  nature  stage  of  the  life  cycle.  In  contrast  to  the  deaand  for  auto- 
Boblles  and  household  appliances,  vfaich  is  alaost  exclusively  a densnd  for 
replaceaents,  deaand  for  electronic  conponents  Is  continually  sugaented  by 
the  opening  of  new  aarkets  and  Introduction  of  new  applications.  There  is 
llctle  on  the  horizon  to  suggest  that  Che  deaand  for  Integrated  circuit 
technology  In  consumer.  Industrial,  and  military  appllcatlona  will  cease  to 
grow  at  rates  well  In  excess  of  Che  overall  growth  rate  of  economic  activity. 

Of  equal  Importance  la  the  apparent  fact  Chat  technological  opportunity  la  micro- 
electronics rsaalns  abundant.  Reinforcing  the  data  presented  above  on  re- 
search and  development  activity  Is  the  consensus  view  of  experts  In  semi- 
conductor technology  that  there  are  no  fundamental  physical  limitations  to 
the  further  pursuit  of  mlnlatinrlzation  over  tha  next  decade.  There  are 
eventual  thermal  constraints  on  the  density  of  circuitry  contained  on  a chip, 
which  will  ultimately  necessitate  a transition  to  superconductor  technology 
for  some  applications.  But  moat  experts  agree  that  substantial  further  in- 
creases In  circuit  density  are  forseeable  with  the  use  of  advanced  litho- 
graphic techniques  presently  under  development. ^ 

The  demand  and  opportunity  conditions  facing  the  Industry  thus  strongly 
indicate  that  a slowdown  In  the  rate  of  innovation  would  be  unlikely  even 
If  the  Industry  were  highly  concentrated.  That  It  Is  not  Is  In  a large  measure 
a consequence  of  the  severe  constraints  on  appropriability  that  have  char- 
acterized the  semiconductor  industry  since  Its  infancy.  As  la  vell-kxiovn, 
technology  diffuses  rapidly  across  sezd.conductor  fins,  for  a variety  of 
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reasoos.  leportant  aspects  of  pxoprlotaxy  tocbaolegy,  eaeb  as  circuit 
daalsBt  ara  not  patontabla  under  aslattat  lav.  Even  vhara  pataats  are 
arallabla,  they  offer  little  protoetlao  because  eroM-lafrlntanent  la  ao  vldo>' 
spread  aa  to  render  aost  patents  unenforceable  la  practice,  lararae  snslaaar- 
Ing  has  booa  relatively  slople,  and  Interflxa  ea^loyoe  nobility  In  Silicon 
Valley  la  legendary.  Halted  appropriability  baa  not  yet  exerted  a significant 
daapenlng  Influence  on  the  rate  of  Innovation,  probably  because  dsaand  grovth 
has  been  so  rapid  and  opportunity  so  abundant.  With  rapidly  grovlng  deaand, 
a few  nonths  of  load  tine  vlth  a new  product  have  been  sufficient  to  Insxirc 
adequate  reward  to  Innovative  activity.  When  the  narket  for  microelectronics 
approaches  saturation  (an  eveijt  still  In  the  distant  future),  the  ease  of 
Inltatloa  will  no  doubt  eccelerate  tendenclee  toward  a reduced  pace  of  In- 
novation and  toward  narket  concentration. 

Thus,  despite  substantial  recent  changes  In  the  structure  of  the 
saalconductor  Industry,  the  K&rket  le  not  yet  highly  concentrated,  and  deoand, 
opportunity,  and  appropriability  conditions  appear  to  favor  continued  rapid 
technological  progress.  The  fact  remains,  however,  that  the  cost  of  under- 
taking k & D at  or  near  the  frontier  of  scnlconductor  technology  has  escalated 
rapidly,  and  the  cost  of  entry  Into  full  scale  Integrated  circuit  production 
has  grown  substantially.  Although  I have  argued  that  the  overall  pace  of 
Innovation  vUl  not  slacken  draxatlcally,  these  structural  changes  neverthe- 
less have  Inpllcatlons  for  the  character  of  senlconductor  SAD  and  Ita 
distribution  across  flnss.  In  particular,  it  is  llkaly  that  snail  fims  and 
new  entrants  vUl  play  a rather  different  role  In  the  advance  of  senlconductor 
technology. 

In  the  past,  snail  fims  and  new  entrants  have  had  substantial  Inpact 
on  the  direction  of  neinstreaa  technology.  Kev  fims,  such  as  yalrchlld  in 
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th«  late  1950«  and  Intel  and  Koetek  a decade  later,  achieved  ai^or  proceas 
and  product  Innarvatlona  and  JuBiped  rapidly  to  poeltlona  of  both  tadmologlcal 
and  nazkat  leaderahlp  In  pivotal,  hlfh-voltsM  product  areas.  Today,  It  la 
such  nore  difficult  to  Imagine  a graaa-roots  entrant  moving  directly  to  a 
position  of  market  leadership  In  senlcooductor  logic  or  memory  devlcea.  The 
cuaulative  R & D experience  of  the  large  estahllahed  firms,  the  coq>lexlcy 
of  the  technology,  and  the  cost  of  asseobllng  the  required  personnel  and 
equipment  now  appear  as  formidable  harriers  to  a frontal  assault  on  a major 
market  via  product  or  process  Innovation. 

It  Is  therefore  likely  the  next  several  generations  of  general  purpose 
memory  and  logic  devices  vUl  be  Introduced  and  Imitated  by  larger  established 
firms.  Such  devices  are  the  types  most  likely  to  realize  the  remaining  latent 
economies  of  miniaturization.  Innovation  (and  even  Imitation)  along  this 
trajectory  will  be  costly,  and  an  expectation  of  high  volume  production  will 
be  necessary  to  justify  the  investaenn  Innovation  along  this  trajectory  will 
also  require  related  advances  In  lithography,  materials  quality,  circuit 
design,  packaging,  software,  and  testing.  Only  large  established  firms  are 
likely  to  have  the  human,  organizational,  and  financial  resources  necessary 
to  pursue  simultaneously  these  related  developments. 

Certain  areas  of  opporttalty  nevertheless  remain  open  to  smaller  firms 
and  new  entrants.  Kany  of  these  opportunities  arise  as  a consequence  of  de- 
mand for  innovative  applications  by  small  and  medium  scale  dawnstream  pro- 
ducers lacking  independent  semiconductor  fabrication  capability.  While  many 
downstream  users  have  made  innovative  use  of  stsndardized  circuits  prcduced 
in  Isrge  voluae  by  msjor  merchant  semiconductor  firms,  others  have  increased 
Cha  demand  for  cxistoo  designed  circuits  for  specialized  applications.  Virtually 
all  of  the  new  semlcrnductor  firms  established  in  the  past  two  yasrs  have 
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sp«elallx«d  la  ooe  or  aora  of  tba  ralatad  aroaa  of  cootoa  clrenit  d**lga, 

coopotar-aldod  doolsa  (CAD),  costoa  fabrleatloo,  aad  eoatoa  ooftaart.  S«b1-; 

CQStcn  doslsa  tcad  fobrleatioo,  aiura  slUcoo  vafors  «ro  procooaad  for  raxloM 

appUeatlono  la  Idonclcal  faahlon  ap  to  a final  stop  of  ona  or  tao  cuatoa 

8 

daalsnad,tusLs,  has  also  bacn  a groalns  area  of  Intaraat. 

Saallar  flzaa  nay  prora  to  baaa  a coaparativa  and  pazfaaps  abaolnta 
adrantaga  la  cuetoa  and  aaalcoatca  vork.  Kany  custoa  deaands  can  be  sarvad 
coat-affectlTaly  bp  technologp  that  la  not  at  the  vazp  frontlar  of  the 
alnlaturlzatlon  trajactozp.  Conseqnentlp,  cuatca  design  and  fabrication 
bouaea  do  not  require  Inveatacnt  In  hnaaa  capital  and  In  state*-of**tba>art 
proceaa  technology  on  the  acale  of  a large  nercbant  scsdcondoctor  flm. 

At  the  suae  tine,  there  la  douhtleaa  aubataatlal  Idloepncratlc  aklll  developed 
bp  dealgnara  vfao  apeclallze  In  cuatoa  aervlcea;  which  nap  co^ienaate  for 
higher  unit  fabrication  costa.  Matgr  Induatcp  experts  believe  that  the  aost 
fruitful  applications  of  CAD  tools  vlU  be  In  the  design  of  custoa  or  seal- 
conductor  circuits  wall  within  the  alnlaturlzatlon  frontier.  Nevertheless, 
Innovations  In  CAD,  custoa  design,  and  fabrication  nap  have  a high  payoff 
In  productivity  enhanceBent  la  new  industries,  even  if  they  do  not  have  the 
effect  of  increasing  function  density  or  laproving  circuit  perforsance 
paraseters. 

Proaotlng  Innovation  In  the  Semiconductor  Industryt  The  VHSIC  Prograa 

Aaldsc  public  concern  for  Che  future  of  the  saalconductor  Industry, 
the  U.S.  govemaent  has  eabarked  upon  a aajor  progrsa  of  E A D support  for 
allltazy  applications  of  advanced  technology.  The  lapetua  for  the 

VHSIC  (Very  High  Speed  Integrated  Circuit)  prograa  was  quite  Independent  of 
civilian  concerns  about  the  Industry's  future  or  Its  standing  relatlva  to 
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Japcness  coapetltlon.  Eathcr,  plamlng  for  tho  progm  b«gn  la  1978  i»~ 

BsdlAtelp  afcor  allltazy  Intelllsenco  report*  revealed  that  the  U.S.  advantaga 

In  the  electroolcs  eabodled  In  fielded  ve^>ons  *7etea*  had  been  slsnlflcantly 

eroded.  The  principal  objective  of  the  VHSIC  prograa  1*  to  establish  the 

c^ablUty  for  fielding  weapons  syetens  utilizing  high  speed  Integrated 

circuits  of  subolcron  feature  size  by  the  end  of  the  decade.  Technically, 

one  of  the  prograa*  s central  goals  Is  defined  as  an  Increase  of  two  orders 

of  nagnltude  In  a critical  parameter  which  la  the  product  of  speed  (clock 

2 

rate)  and  circuit  density  (gates  per  cm  ). 

Technologically,  the  goals  of  the  VHSIC  prograa  are  highly  coopatlble 
with  the  continued  pursuit  of  miniaturization  In  the  canoerclal  segment  of 
the  semiconductor  business.  The  military  has  certain  specialized  needs,  such 
as  the  ability  of  clrcxiltry  to  perform  under  extreme  conditions  of  temperature 
and  radiation.  But  much  R & D funded  by  VHSIC,  such  as  support  for  advanced 
lithographic  techniques  to  facilitate  realization  of  submicron  feature  sizes 
and  support  for  Improved  CAD,  software,  and  testing  methods,  should  have 
significant  spillovers  to  cocsaercial  application.  In  turn,  the  Independent 
pursuit  of  similar  technological  objectives  for  comnerclal  purposes  should 
facilitate  the  achievements  of  VHSIC  goals.  Indeed,  the  planned  Department 
of  Defense  expenditure  of  approzlaately  $200  million  over  seven  years  is  far 
less  than  industry  will  spend  on  Its  own,  but  there  Is  an  emerging  consensus 
that  the  added  stimulus  provided  by  VHSIC  funds  will  move  forward  the  realiz- 
ation of  submicron  circuits  by  two  or  three  years. ^ 

When  Che  VHSIC  program  was  first  announced.  It  was  enthusiastically 
received  by  most  major  suppliers  of  military  electronics  systems,  but  several 
leading  merchant  semiconductor  firms  expressed  serious  reservations  and  some 
chose  to  abstain  from  bidding  on  VHSIC  contracts.  A major  concern  was  that 
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til*  VBSIC  prosrn  voali  ilnxt  aetrem  KID  nseorcM.  nd  «p«clall7  czltlcml 
p«rsoan«li  froa  prxzaoit  of  cosaarclal  obJoctiTes.  It  vaa  fo«x«d  that  VBI^ZC 
vould  baadleap  U.S.  flxsa  la  eoBpatltlos  «idi  tha  Japanaaa  for  laadaxahlp 
In  VLSI  tachnolos7«  Thaaa  faaxa  aaaa  to  bara  baan  nlaplaead,  aa  Indastry 
partldpanta  b«va  ccaa  to  racognlza  tha  arAatantlal  conplMaatarlty  batwaan 
VBSIC  and  cooBerclal  'VLSI  objactlras.  On  tba  otbar  band»  It  voold  ba  a 
dataka  to  vlaa  tha  YHSIC  progran  aa  a dlract  raaponaa  to  tiia  Japanaaa  gcmra- 
•ant'a  aupport  of  tiia  aaadcoaduetor  Induatxy.  Hhila  It  now  appaara  that  VBSIC 
vlU  provide  an  Indirect  booat  to  U.S.  flxaa  In  technological  coaipetltlon  with 
the  Japanese,  nerehant  aealconductor  fins  still  seek  policy  aaaistance  aore 
directly  related  to  meeting  the  Japanese  challenge.  The  legislative  progrsn 
of  the  Senlconductor  Industry  Association  (1981)  has  three  najor  cooponants: 
tax  Incentives  for  RAD  expenditures  * access  to  the  Japanese  doacstle  aarkat 
via  relaxation  of  tariffs  and  controls  on  direct  Investaent,  and  sxipport  for 
engineering  education. 

Early  critics  of  VBSIC  also  questioned  the  prograa's  enpbasla  oo  su|^ 
porting  large  scale  vertically  Integrated  research  efforts.  The  progran  as 
envisioned  involved  vertically  Integrated  fleas  or  teams  of  firus,  and  each 
proposal  vas  expected  to  tackle  a range  of  Issues  froa  circuit  fabrication 
technology  and  process  equipaant  to  insertion  of  circuits  Into  weapons  systeas. 
Critics  feared  that  the  eesphasls  on  large  fins  end  vertically  Integrated  tens 
vould  hasten  concentration  of  the  scalcooductor  Industry  and  reinforce  the 
trend  toward  vertical  integration,  allegedly  threatening  and  vltallcy-of  a 
highly  eaapetltlve  and  dynamic  merchant  scalconductor  Industry.  Congress 
Initially  delayed  funding  of  the  program  tstll  It  received  assurances  that 
the  program  vould  not  have  an  anticompetitive  impact  on  the  Industry. 

As  It  has  developed,  the  major  portion  of  R A D support  vlll  be 
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mllocAted  to  vertically  Integrated  contractor  taaas  rasponaibla  for  develop- 
ing the  technology  necessary  at  all  levela  to  ntlllxe  anhalcraa  Integrated 
clrcolta  In  operational  weapons  systcss.  Initial  mlne-aondi  Phase  0 contracts 
vere  awarded  to  nine  such  tesas  in  1980,  and  In  Hay  1981  six  of  the  tesDS 
vere  selected  as  contractors  for  Phase  I of  the  prograa,  which  will  extend 
Into  1983.  It  Is  unlikely  that  confining  VHSIC  support  to  six  tesas  (five 
of  which  Involve  merchant  sealconductor  flraa;  one  contract  was  won  by  IBM) 
will  Increase  concentration  In  the  Industry,  especially  since  several  non- 
participating  firms  will  be  pursuing  VLSI  technology  with  private  resources 
on  a significant  scale.  But  the  initial  Congressional  worries  about  aarket 
concentration  did  encourage  the  DoD  to  develop  a program  design  that  preserved 
niches  of  opportunity  for  small,  con-integrated  firms  as  well  as  university 
research  laboratories. 

Paralleling  the  mainstream  Phase  I and  II  efforts  will  be  a series 
of  much  smaller  contracts  to  be  awarded  on  a continuing  basis  throughout  the 
duration  of  the  prograa.  Theae  smaller  Phase  III  contracts  will  focus  on 
narrow  technical  problems,  where  significant  contributions,  complementary 
to  the  Phase  I and  II  objectives  can  be  expected  from  firms  outside  the  main- 
stream program.  It  Is  expected  that  Phase  III  contracts  will  be  concentrated 
In  areas  such  as  lithography,  CAD,  software,  and  testing.  In  concept.  Phase 
III  represents  a reasonable  safegrurd  against  the  somewhat  remote  potential 
that  the  VHSIC  prograa  will  unduly  accelerate  the  Industry  toward  maturity 
and  stagnation.  In  any  case,  it  appears  to  be  an  exa^le  of  organizational 
design  veil  suited  to  maxlnlzing  technical  advance.  On  the  one  hand,  major 
support  will  be  given  to  not  one,  but  several,  large-scale,  vertically 
Integrated  efforts.  On  the  other  band,  sid>atantial  funds,  one-third  of  the 
total  budget,  will  be  reserved  for  saaller  scale  projects  complementary  to 
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tlie  progm's  ovsrall  objaetlvu.  la  ptlacipla,  cadi  «n  erganlxatlonal  dftalgn 
eaa  b«  atUlzad  to  generat*  lanoratlon  froa  bodi  laxg*  «ad  raall  flxa*  In  tba 
areas  ufaaxa  aaeh  baa  a cocpaxatlTa  adraataga. 

Glvaa  this  rather  creative  laatitatloaal  deaiga,  the  rcaolta  of  the 
first  roo^  of  Phase  III  contract  wards  are  aoswiihat  dlacouragalag.  The 
first  Phase  III  contracts  were  let  several  aoodis  before  doe  date  for  Phase 
I propoaals,  and  consequently,  vlrtnally  half  (77  of  157)  of  the  proposals 
submitted  caiae  from  the  large  fixes  involved  la  the  aalnatresa  Phase  0 pro- 
gram. Evidently,  Phase  0 winners  saw  In  Phase  III  an  opportunity  to  ispress 
the  DoD  with  good  work  prior  to  the  aajor  ftaxdlng  decisions  on  Phase  I pro- 
poaals. Of  the  157  proposals  received,  only  4 case  froa  qualified  saall 
businesses  and  only  8 came  froa  non-lntegrated  aendconductor  flxas.  Only  1 
of  these  12  was  among  53  funded  proposals,  while  24  contracts  were  awarded 
to  Phase  0 participants.  Somewhat  more  encouraging  was  the  award  of  11 
Phase  III  contracts  to  5 different  universities. 

It  Is  evident  that  If  the  VBSIC  program  Is  to  benefit  from  Innovative 
Ideas  from  a variety  of  sources,  more  attention  must  be  paid  to  encouraging 
the  submission  of  proposals  from  saall  and  non-lntegrated  firms.  Managers 
of  Che  program  are  aware  of  this  problem,  and  they  have  tsVon  steps  to 
drastically  simplify  Che  format  of  the  second-round  Phase  III  request-for- 
proposals.  Indeed,  there  Is  a growing  recognition  throughout  the  DoD  that 
opporttmlcles  for  small  firm  participation  in  R & D support  programs  have 
been  diminished  by  the  escalating  coaplezlty  of  the  contracting  process. 

In  a very  proidslng  developoeiqt , the  DoD  initiated  in  April  1981  a new  Defense 
Saall  Business  Advanced  Technology  Program.  Proposals  are  solicited  by  a 
lucid  23  page  doctawit,  a striking  contrast  to  the  100  pages  of  boilerplate 
contained  In  the  first  round  request  for  VHSIC  Phase  III  proposals.  If 
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FootaotM 

1.  This  strlldivg  oompaittaa  vu  callad  to  wj  •ttontloa  bj  loMaboxf  end 
Stolnanollor  (1980). 

2.  The  Tlev  that  Induatxy  evolution  foUoin  a typical  life  cycle  patten, 
vlth  the  aatoxe  stage  eahlbltlng  the  featores  indicated  in  the  text,  has 
been  widely  discussed  in  the  literature  on  technical  change  and  industrial 
organization.  For  a full  articulation  of  the  life  cycle  aodel,  see 
Abernathy  snd  Utterback  (1978),  Abernathy  (1978),  and  Utterback  (1979). 

3.  In  the  case  of  ATT,  tdiich  accounts  for  a substantial  fraction  of  tiie 

R & 0 in  this  industry  category,  privately-funded  R & D grew  slowly  but 
steadily  as  a percentage  of  sales  over  the  period  1973-80,  while  govern- 
aent-funded  R & D perfoxaed  by  ATT  declined  precipitously  in  real  terns 
and  as  a percentage  of  sales.  (Source:  ATT  annual  reports,  1973-80). 

A.  According  to  estlnates  aade  by  Integrated  Circuit  Engineering  (1980) , 

IBM's  production  of  integrated  circuits  for  internal  use  exceeds  the  pro- 
duction level  of  each  of  the  leading  aerchant  seniconductor  fims  listed 
in  Table  2.  IS's  estliute  of  AIT's  captive  production  places  it  just 
below  the  sixth-ranked  aerchant  seniconductor  fim,  Signetica,  and  above 
such  significant  aerchant  producers  as  Mostek,  AMD,  and  RCA. 

5.  This  figure  is  doevzaented  by  Robinson  (1980). 

6.  These  concentration  ratios  are  derived  froa  sales  estlnates  reported 
by  Dataquest  (1S90).  Captive  production  by  IBM,  ATT  end  other  fims 
which  do  not  sell  scalconductors  in  the  open  narket  arc  excluded. 

7.  For  two  representative  stateaents  of  this  view,  see  Keyes  (1977)  and 
Hoyce  (1977). 
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the  VHSIC  progrsa  follows  this  lesd,  prospects  will  he  for  the  pre- 
serrstlon  of  e dynaalcelly  coapetltlve  sealconductor  indtutry  structure  vlth 
variegated  soarces  of  iimovation. 
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Judged  against  alooat  any  criterion  of  pcrfomance— growth  in  output, 
exports,  productivity,  or  Innovation — the  D.S.  civilian  aircraft  Industry  aust 
be  considered  a star  perfomer  In  the  Aaerlcan  economy.  Aaerlcan  cooBercial 
aircraft  dominate  airline  fleets  the  world  over,  and  the  air  transportation  in- 
dustry, k primary  beneficiary  of  technical  progress  in  conaerclal  aircraft,  has 
compiled  an  unequalled  record  of  productivity  growth  since  1929.^  Along  with 
this  impressive  record,  however,  the  aircraft  industry  presents  important  anom- 
alies In  structure  and  conduct  to  the  student  of  industrial  organization  and 
technical  change.  Fierce  price  competition  coexists  with  very  high  levels  of 
producer  concentration  and  significant  product  differentiation.  Infusions  of 
government  research  support,  both  through  the  Hatlonal  Advisory  Committee  on 
Aeronautics  (NACA,  1915-1959} , and  the  Hatlonal  Aeronautics  and  Space  Adminis- 
tration (HASA,  1959-present) , as  well  as  through  government  support  of  military 
research  and  procurement,  have  been  significantly  his'ner  in  this  Industry  than 

any  other  during  the  1925-75  period.  The  industry  srructure  also  exhibits  rela 

• 

tlvely  low  levels  of  vertical  Integration — contractual  relationships  predomlnat 
in  the  pursuit  of  extremely  complex  and  highly  uncertain  goals  in  price  and  per 
formance. 

In  this  paper,  we  will  examine  the  innovation  process  within  the  commer- 
cial aircraft  Industry,  focussing  particularly  upon  the  role  of  government  poll 
In  affecting  the  pace  and  structure  of  Innovation  within  the  industry,  as  well 


Kendrick  (1961)  reports  that  output  per  person  in  the  air  transport  industry 
grew  at  an  average  annual  rate  of  8.8Z  during  the  1929-48  period,  higher  than 
almost  any  ocher  industry  in  his  sample.  Output  per  peison  grew  at  an  average 
annual  rate  of  8.2Z  during  Che  1948-66  period,  far  higher  chan  any  ocher  of 
Kendrick's  Industries  (1973),  while  total  factor  productivity  during  Che  1948- 
66  period  grew  at  an  annual  rate  of  8.0Z. 
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aa  the  atructural  context  within  which  such  innovation  has  occurred.  Ve  will 
argue  that  government  policy  has  influenced  innovation  in  the  aircraft  industry 
through  its  impact  upon  the  demand  for  aircraft,  in  both  the  militar]  and  civil- 
ian spheres,  as  much  as  through  direct  support  of  research.  The  peculiar  struc- 
tural combination  of  high  levels  of  producer  concentration  and  fierce  price  and 
quality  competition  among  producers  also  reflects  the  Influence  of  government 
policy,  in  the  provision  of  both  a market  and  research  and  development  funding 
for  military  aircraft.  This  government  role  also  has  encouraged  the  development 
of  a vertically  disintegrated  industry  structure,  and  an  important  role  for  sub- 
contractors, both  of  which  imply  a major  role  for  the  contractual  provision  of 
complex  technologies  to  an  extent  not  generally  encountered  in  other  high  tech- 
nology industries.  The  importance  of  subcontracting  in  the  commercial  aircraft 
industry  also  reflects  the  extremely  high  costs  and  uncertain  demand  faced  by  in- 
novators in  this  area. 

The  discussion  opens  with  a siunmary  examination  of  important  aspects  of 
the  process  and  product  technologies  underlying  the  commercial  aircraft  industry. 

We  next  consider  briefly  the  structure  and  historical  evolution  of  the  industry 
and  aircraft  technology.  The  role  of  government-sponsored  research,  in  both  the 
military  and  civilian  sectors  of  the  industry,  is  covered  in  the  subsequent  sec- 
tion of  the  paper.  The  general  character  and  impact  of  government  regulatory 
research  and  procurement  policies  is  discussed  next,  followed  by  a conclusion  ex- 
ploring the  relevance  of  the  aircraft  Industry's  experience  to  other  sectors  of  the 
economy. 

I.  Aspects  of  Process  and  Product  Innovation  in  the  Commercial  Aircraft  Industry 


The  commercial  aircraft  Industry  has  reaped  considerable  benefits  as  a 
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tcchoologlcal  **borrower**.  In  at  least  tvo  apeclflc  vaya.  Many  of  the  significant 
Innovatlona  In  coBsaerclal  aircraft  design,  going  back  to  the  DC~3  (the  first  great 
cosaercial  success  in  the  industry)  were  originally  developed  by  aanufacturers 
of  airfraaes  and  engines  for  silitary  applications— such  a list  vould  include 
the  air-cooled  engine  chat  powered  the  DC-3,  as  veil  as  the  high-bypass  turbo- 
fans associated  with  the  L-1011,  DC-10,  and  B-747.  **Borroving”  goes  beyond  ap- 
plications to  comnerclal  designs  of  components  developed  for  military  purposes, 
as  we  argue  below.  Important  benefits  are  reaped  by  airframe  and  engine  manu- 
facturers who  are  able  to  share  development  or,  less  often,  tooling  costs  between 
military  and  civilian  designs  that  are  less  closely  related.  Borrowing  of  anothe 
sort  also  has  played  a key  role  in  the  development  of  commercial  aircraft  tech- 
nology. Aircraft  have  benefitted  to  an  unusual  extent  from  technological  develop 
ments  in  other  Industries.  Noteworthy  examples  are  the  metallurgical  and  materi- 
als Industries,  whence  have  come  a wide  range  of  new  alloys  and  composite  materi- 
als, as  well  as  the  chemicals  and  petroleum  industries,  where  important  develop- 
ments in  fuels  were  achieved  before  World  War  II,  and  electronics,  which  has  pro- 
vided since  1940  a steady  stream  of  crucially  important  Innovations,  ranging  fros 
radar  to  airline  reservation  and  navigational  computers.  The  aircraft  Industry 
is  unusual  in  the  extent  to  which  it  has  benefitted  from  the  inter-industry  flow 
of  innovations  that  typifies  the  modem  economy. 

The  ability  of  the  cosaercial  aircraft  industry  to  benefit  from  technical 
developments  in  so  vide  a range  of  seemingly  unrelated  industries  reflects  anothi 
Important  aspect  of  the  commercial  aircraft  industry,  namely,  the  high  degree  of 
systemic  complexity  embodied  in  its  products.  The  finished  commercial  aircraft 
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is  conprlsed  in  a vide  range  of  coaponenta  for  propulaion,  navigation,  etc., 
thac''«ce-'^dlvldually  extremely  complex  In  many  Instances.  The  Interaction  of 
these  Individually  complex  systems  Is  crucial  to  the  performance  of  an  aircraft 
design,  yet  extremely  difficult  to  predict  from  design  and  engineering  data, 
even  with  computer-aided  design  technl(;ues.  Uncertainty  about  aircraft  per- 
formance Is  also  exacerbated  by  the  still  modest  state  of  scientific  theory 
concerning  the  behavior  of  such  key  components  as  materials.  A substantial 
element  of  technological  uncertainty  thus  exists  In  the  design  and  production 
of  a new  aircraft.  Performance,  in  many 

cases,  cannot  be  predicted  definitively  before  the  Initial  flight.  The  major 
aircraft  manufacturers  have  frequently  pursued  production  and  design  strategies 
aimed  at  Insulating  themselves  from  the  adverse  consequences  of  such  uncertainty. 

A final  aspect  of  considerable  significance  In  the  commercial  aircraft  Industry 
centers  around  the  need  to  achieve  large  production  runs  for  a given  aircraft  In 
order  to  take  advantage  of  learning  curves  and  In  order  to  defray  high  develop- 
ment expenses.  Economies  of  scale  and  learning  curves  (which  were  first  detected 
empirically  in  the  production  of  airframes)  play  a major  role  in  affecting  pro- 
duction costs  and  the  overall  profitability  of  a given  aircraft.  Such  high  de- 
velopment costs,  which  have  become  important  with  the  advent  of  the  jet  engine 
and  which  reflect  the  systemic  complexity  of  aircraft  technology,  render  very 
Important  the  greatest  possible  production  of  a given  aircraft  design.  This  has 
In  turn  endowed  with  great  importance  the  "family  concept"  in  aircraft  design,  in 
which  a given  aircraft,  such  as  the  Boeing  727,  spawns  a succession  of  modified 
designs,  notably  through  stretching  the  fuselage.  Technological  trajectories  thus 
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ore  of  considerable  laportance  In  the  Industry,  and  aodem  aircraft  are  designed 
so  as  to  take  aaxlouo  advantage  of  thea. 

II.  The  Development  of  Industry  Structure,  1925-75 

The  developnent  of  the  cocsaerclal  aircraft  Industry's  structure  may  be 
divided  Into  four  periods  of  unequal  length,  each  of  which  saw  a difference  of 
developnent;  1920-34.  1934-40,  1940-45,  and  1945-75.  Over  the  entire  1920-75 
period,  the  Industry  has  grown  substantially  and  become  nuch  more  concentrated. 

At  present,  only  three  producers  of  airframes  and  two  domestic  engine  manu- 
facturers are  of  major  Importance  In  the  commercial  market. 

1923-34;  The  1920-34  period  was  one  during  which  military  and  commercial  air- 
craft production  were  gradually  distinguished  from  one  another,  and  peacetime 
military  procurement  came  to  play  a role  in  airframe  and  engine  development 
(particularly  the  latter).  In  the  immediate  aftermath  of  World  War  I,  the  market 
for  aircraft  collapsed,  with  the  cessation  of  military  demand,  and  a surfeit  of 
war  surplus  aircraft  available  for  purchase.  Aircraft  production  declined  from 
14,000  in  1918  to  263  in  1922,  according  to  Holley  (1964),  but  slowly  revived, 
particularly  after  the  military  announded  plans  ir  1926  to  maintain  a total  air- 
craft fleet  of  2600  by  1931,  and  the  Kelly  Hail  Act  of  1925  transferrsd  trans- 
portation of  air  mail  from  the  Post  Office  to  private  contractors.  Also  of  im- 
portance during  the  1920's  was  the  increasing  level  and  quality  of  research  being 
carried  out  by  the  National  Advisory  Committee  on  Aeronautics,  established  in  1915. 
Military  support  of  aircraft  engine  development  during  this  period  culminated  in 
the  foundation  of  the  Pratt  and  Whitney  aircraft  engine  firm  in  1925,  on  the 
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strength  of  strong  Interest  froa  the  Nsvy  in  che  Prstt  snd  Whitney  Vssp. 

The  rcvlvsl  of  the  slrcrsft  Industry  gsve  rise  to  s series  of  nergers 

In  the  Iste  1920 's  that  produced,  for  the  first  snd  only  time  In  the  history 

! 

of  the  Industry,  several  vertically  Integrated  firms,  combining  sir  transport, 
airframe  manufacture,  and  engine  production.  United  Aircraft,  founded  In  1929. 
was  comprised  of  Boeing  Aircraft,  Boeing  Air  Transport,  Pratt  and  Whitney,  Chance 
Vought  Aircraft,  the  Hamilton  Standard  Propeller  Corporation,  and  Stearman  Air- 
craft. North  American  Aviation,  Incorporated  in  1928,  included  Curtiss  Aeroplane, 
Wright  Aeronautical,  and  had  large  minority  stockholdings  in  Transcontinental 
Air  Transport  and  Western  Air  Express  (subsequently  combined  to  form  TWA). 

Other  major  consolidations  of  the  late  1920 *s  included  the  Aviation  Corporation 
and  the  Detroit  Aircraft  Corporation. 

The  onset  cf  the  Depression  placed  all  manufacturers  under  considerable 
stress,  but  the  air  nail  scandals  of  1933  and  the  Air  Mail  Act  of  1934  were  the 
crucial  events  in  the  dissolution  of  these  consolidated  firms. ^ Under  the  terms 
of  the  1934  Act,  air  transportation  and  aircraft  manufacturer  had  to  be  separated; 
United  Aircraft  divested  itself  of  Boeing  and  United  Airlines,  North  American  di- 
vested what  were  to  become  the  Eastern  and  TWA  airlines,  and  the  Aviation  Corpor- 
ation "spun  off"  American  Airlines.  The  1934  Act  also  abandoned  the  goals  of 


The  Air  Mall  Act  was  the  response  of  the  newly-elected  Democratic  Congress  and 
the  Roosevelt  Administration  to  the  airmail  policies  of  Walter  Brown,  Postmaster 
General  under  Hoover.  Controversy  erupted  over  the  letting  of  air  mail  transport 
contracts,  stemming  from  Brown's  attempts  to  utilize  these  contracts  as  a means 
of  influencing  the  development  of  the  structure  of  che  air  transportation  firms, 
and  with  this,  che  development  of  the  entire  aviation  industry  in  the  U.S.  The 
precise  nature  and  impact  of  Che  Brown  policies,  which  were  intended  to  move 
transportation  companies  away  from  exclusive  reliance  upon  mall  contracts  and  into 
passenger  transport,  are  discussed  below  in  greater  detail. 


previous  slrBsU  legislation  (the  KcHary-Vatres  Act  of  1930)  in  specifying  that 
■iniaua  cost  vas  to  be  the  sole  criterion  for  awards  of  aall  contracts. 

The  data  in  Table  1 show  the  doodnance  of  the  aircraft  sarkat  during  the 
1920*8  and  early  1930'a  by  govemaent  procureaent  (the  figures  are  distorted 
slightly  by  the  fact  that  Curtlss-Vright  and  United  were  the  only  firas  producing 
engines).  In  both  the  ailltary  and  cosaerclal  sectors,  aoreover,  a saall  nuaber 
of  firms  were  dominant.  The  share  of  total  sales  of  the  two  largest  firms, 
Curtlss-Wright  and  United,  is  in  excess  of  701  in  the  military,  and  over  901 

in  the  commercial  market. 

1934-iO;  During  the  1930's,  four  airframe  producers  and  two  engine  manufacturers 
comprised  the  bulk  of  the  civilian  aircraft  Industry.  Boeing,  Douglas,  Lockheed, 
and  Curtlss-Vright  all  were  active  producers  of  commercial  airframes,  while 
Curtlss-Wright  and  Pratt  and  Whitney  were  the  major  engine  producers.  This  per- 
iod also  saw  the  production  of  the  first  monocoque  airframe  passenger  transports, 
the  Boeing  247  and  the  DC-2  and  DC-3.  The  last-named  aircraft  came  to  dom- 
inate the  commercial  aircraft  market  through  the  remainder  of  the  decade,  based 
primarily  upon  its  efficient  operating  characteristics  for  passenger  transport. 

The  1930 *s  were  the  period  during  which  passenger,  rather  than  mail,  carriage  be- 
came the  central  activity  of  commercial  air  carriers,  as  passenger  demand  grew 
rapidly.  The  data  in  Table  2,  from  Phillips  (1971),  demonstrate  the  complete  dom- 
inance by  Douglas  of  the  commercial  market. 

The  other  major  airframe  manufacturers  survived  primarily  on  military  con- 
tracts during  the  mid-1930's;  by  the  1938-39  period,  of  course,  the  military  mar- 
ket was  expanding  rapidly.  Throughout  this  period,  military  production  remained 


Companies 

Government 

Sales 

Per  Cent 
of  Total 
Government 

Sales 

Commercial 

Sales 

United 

$ 50,184,443 

39.7 

$28,056,208 

Curtlsa-Wrlght 

44,755,590 

35.4 

26,813,517 

Douglas 

14,437,623 

11.4 

1,412,790 

Glenn  Martin 

9,895,605 

7.8 

none 

Consolidated 

4,307,632 

3.4 

1,118.231 

Great  Lakes 

2,451,993 

1.9 

905,719 

Gruoman 

452,195 

0.4 

153,492 

Totals 

$126,485,081 

100.0* 

$58,459,957 

TABLE  1;  Aircraft  and  Engine  Sales,  1927-1933 
(from  Rae,  1968,  p.  43) 


Per  Cent 
of  Total 
Commercial 

Sales 

Total  Sales 

Per  Cent 
of  Total 
Sales 

48.0 

$ 78,240,651 

42.8 

45.9 

71,569,107 

38.7 

2.4 

15,850,413 

8.6 

— 

9,895,605 

5.4 

1.9 

5,425,863 

2.9 

1.5 

3,357,712 

■ 1.8 

0.3 

605.687 

0.3 

100.0 

..$184,945,038 

100.0 

r 


-9- 


of  great  laportance  to  the  osjor  coflaercial  aanufecturers.  Despite  Douglas 

Aircraft's  dominance  of  civilian  air  transport  markets,  the  greater  unit  value 

of  military  aircraft  enabled  producers  to  avoid  financial  disaster.  Bolley 

(1964)  noted  that  in  1937.  2281  civilian  aircraft  were  sold  for  a total  cost 

of  $19  million,  while  sales  of  military  aircraft,  totalling  949  units,  were 

valued  at  $37  million.^  The  data  In  Table  3 display  the  shares  of  military 

contracts  In  total  sales  of  the  major  airframe  manufacturers  for  the  1931-37 
2 

period.  The  role  of  subcontractors  also  remained  rather  minor  during  this 
period,  as  commercial  producers  strove  to  utilize  more  fully  the  substantial  ex- 
cess capacity  in  their  own  factories. 

1940-45;  During  the  wartime  period,  there  effectively  was  no  comerclal  air- 
craft industry.  All  airframe  and  engine  producers,  as  well  as  such  non-aircraft 
firms  as  the  Fisher  Body  division  of  General  Motors,  and  Ford  Motor,  worked  fev- 
erishly to  produce  military  designs.  Several  aspects  of  this  period  merit  men- 

a 

tlon.  The  heavy  demand  for  aircraft  spurred  the  growth  of  firms  such  as  Convair 
(formerly  Consolidated  Vultee),  Bell  Aircraft,  and  the  Martin  Corporation,  rais- 
ing what  formerly  were  minor  factors  in  the  commercial  market  to  the  status  of 
potentially  viable  entrants.  Proprietary  control  of  military  aircraft  designs 
was  also  reduced  during  this  period,  as  cross-licensing  of  designs  for  maximum 
production  was  commonplace.  Substantial  "in-klnd"  technology  transfer  took  place 


r.  10.  It  was  also  important  to  note  that  very  few  of  these  civilian  air- 
craft ware  multi-engine  transports. 

Volley,  p.  22.  Phillips  (1971)  notes  that  for  Boeing  and  Lockheed  during  this 
period,  "Military  orders  sustained  then  and  each  attempted  new  commercial  planes 
prior  to  World  War  II.  Lacking  the  military  orders— that  is,  in  a market  environ 
sent  more  typical  of  most  Industries — Lockheed  and  Boeing  would  presumably  have 
failed."  (p.  113) 


Deliveries  of  Particular  Types 


Year 

Total 
Deliveries 
of  New 
Aircraft 

DC-3 

L-10 

L-12 

L-14 

L-IB 

Beechcraft 

18 

B-307 

1936 

42 

29 

10 

3 

— 

— 

— 

— 

1937 

54 

47 

— 

— 

6 

— 

1 

— 

1938 

24 

21 

— 

— 

3 

— 

— 

— 

1939 

41 

40 

1 

— 

— 

__ 

— 

1940 

112 

95 

— 

— 

— 

12 

— 

5 

1941 

36 

35 

-- 

— 

— 

1 

— 

— 

Total 

309 

267 

4 

11 

3 

9 

13 

1 

5 

TABLE  2:  Estimated  Deliveries  of  Newly  Produced  Aircraft  to  Domestic  Trunk  Carriers,  1936-1941 


(from  Phillips,  1971,  p.  94) 


-10- 


r 


-11- 


Percenc  of 


Manufacturer 

Total 

Boeing 

59 

Oiance  Vought 

75 

Consolidated 

79 

Curtiss 

76 

Douglas 

91 

Martin 

100 

Grumman 

75 

TABLE  3:  Share  of  military  contracts  in  total  sales,  1931-37 

(from  Holley,  196^,  p.  22) 
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In  Che  rush  to  increase  production,  subcontracting  cane  to  play  a crucial  role 
in  Che  aircraft  industry.  The  large  size  of  production  runs  also  forced  much 
greater  attention  to  production  engineering,  and  the  maximum  exploitation  of 
scale  economies  and  learning  curves.  The  in-house  research  and  engineering 
capaolllties  of  the  major  producers  were  expanded  greatly,  as  well.  Finally, 
and  of  great  Importance  for  the  postwar  period,  the  development  of  the  first 
.Vnerican  jet  engine,  based  upon  the  British  design  developed  by  Whittle,  was 
assigned  by  the  Army  Air  Force  to  General  Electric,  on  the  basis  of  the  firm’s 
past  experience  with  turbine  designs. 

1946-75;  The  postwar  period' was  one  in  which  the  technology  of  the  jet  engine 
came  to  dominate  commercial  aircraft,  causing  substantial  shifts  in  the  relative 
importance  of  firms  in  both  the  airframe  and  aircraft  engine  sectors  of  the  in- 
dustry. Producer  concentration  in  the  airframe  industry  also  Increased  during 
this  period  in  both  the  military  and  commercial  markets.  An  important  conse- 
quence of  the  adoption  of  jet  engine  and  electronics  technologies  in  the  modem 
commercial  airliner  was  a spectacular  rise  in  the  magnitude  of  development  costs 
in  the  production  of  a new  commercial  aircraft  design.  Miller  and  Savers  note 
that: 


"...in  the  1920's  the  cost  of  engineering  development  for 
an  airplane  was  counted  in  tens  of  thousands  of  dollars  - 
$25,000  for  the  Lockheed  Vega  and  $5,000  for  the  prototype 
of  the  Hawker  Hart;  in  the  1930 's  it  ran  into  hundreds  of 
thousands  - about  $150,000  for  the  DC-2  and  $3,300,000  for 
the  DC-3;  as  the  1940's  began  it  reached  the  millions  - 
$3,300,000  for  the  DC-4;  by  the  end  of  the  war  it  was  in 
the  tens  of  millions  - $14,000,000  for  Che  DC-6  and 
$29,000,000  for  the  two  prototypes  of  the  B-47;  in  the 
1950's  it  ran  into  hundreds  of  millions  - $112,000,000  for 
the  DC-8  and  $468,000,000  for  the  McDonnell  Phantom;  and  in 
the  1960’s  it  reached  thousands  of  millions  with  the  X3-70, 
which  cost  $1,500,000,000  for  two  prototypes..." 

Miller  and  Sawers,  (1968)  , p.  267. 
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KcDonnell  Douglas  still  faced  $625  bIUIoq  of  deferred  devclopaent  costs  on  the 
DC-10,  ten  years  after  the  alrcrafth  Introduction  in  1969.  More  recently,  the 
development  costs  for  the  Boeing  767  have  been  estimated  to  be  in  excess  cf 
$1  blllloh.  The  rapid  growth  of  these  costs  in  effect  means  that  an  Increasing 
proportion  of  the  costs  of  Introducing  a new  aircraft  are  incurred  during  the 
phase  of  greatest  uncertainty  concerning  m.\rket  prospects  and  technical  feasibillt 

The  jet  engine  was  originally  developed  for  American  military  applications 
by  General  Electric  during  and  after  World  War  II.  General  Electric,  Westing- 
house,  and  the  Allison  division  of  General  Motors  all  had  substantial  develop- 
ment programs  underway  in  1945;  they  were  joined  by  Pratt  and  Whitney  shortly 
thereafter.  By  the  1960's,  however,  only  General  Electric  and  Pratt  and  Whitney 
remained  as  major  factors  in  the  comercial  jet  engine  market  (which,  by  the 
early  1960's,  essentially  defined  the  commercial  engine  market). 

Table  4 gives  the  shares  of  the  commercial  market  held  by  the  major  air- 
frame producers  during  the  postwar  period  up  to  1965.  Douglas,  Lockheed,  Convair 
and  Martin  dominated  the  commercial  market  during  the  heyday  of  the  four-engine 
propellor  transport.  After  1959,  however,  when  Boeing  introduced  the  707  and 
Douglas  followed  with  the  DC-8,  Lockheed,  Martin,  and  Convair  all  went  into 
eclipse,  out  of  which  only  Lockheed  would  emerge  in  the  early  1970 's  as  a competi- 
tor in  the  widebody  designs  with  the  L-1011.  Boeing  has  cone  to  dominate  the  com- 
mercial market  ever  the  last  10-15  years,  on  the  strength  of  the  707,  the  727, 
and  the  747,  and  the  numerous  modification  of  each  design,  as  throughly  as 
Douglas  dominated  the  comDercial  market  of  the  19jU's.  Table  5 contains  data  on 
the  relative  importance  of  Boeing,  Locaheed,  »*cDonnell  Douglas,  and  General 


Table  4:  Shares  of  commercial  aircraft  deliveries,  1947-65 


Douglas 

Boeing 

Lockheed 

Convalr 

Martin 

l»47 

14  J% 

0 0% 

17 1% 

0 0% 

1941 

21  7 

ou 

) 2 

60  0 

* 4*  fO 

no 

1949 

1 7 

172 

32  8 

48  3 

0 0 

19)0 

91 

00 

608 

11.8 

17  6 

I9M 

47  6 

00 

23  8 

00 

28  6 

19)2 

149 

OU 

16  2 

16  2 

32  7 

19)1 

29  1 

00 

9 4 

)8  3 

1 1 

19)4 

667 

00 

9 3 

24  0 

•j  1 
0 0 

19)) 

)S2 

00 

43  6 

36 

0 0 

19)6 

400 

00 

80 

1)  2 

0 0 

19)2 

67  0 

no 

184 

128 

0 0 

I9)S 

)9  8 

00 

14  6 

00 

0 0 

19)9 

101 

]0  1 

)7  8 

00 

0 0 

1920 

J9  2 

])  1 

II  3 

144 

U 0 

1961 

96 

1)6 

120 

19  2 

00 

1962 

12  1 

)i  ) 

0 0 

31  8 

0 0 

196] 

( 7 

69  6 

00 

21  7 

0 0 

192^ 

6 7 

91  6 

0 0 

1 7 

00 

196) 

126 

78  ) 

00 

00 

0 0 

Total 

30  8 

21  7 

17  4 

17  2 

69 

from  Phillips,  1971,  pp.  110-111 
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Tabl«  8*2.  Jet  Aircraft  In  Service  on  United  Statae  Airllnei 


Yetr 

Boanf 

SAC 

Genarol  MeDonntO- 
Dymmaex  Douyfer 

SVD 

LockMttd 

OiMtr* 

Total 

1938 

6 

6 

1939 

66 

18 

84 

1960 

113 

14 

73 

202 

1961 

170 

39 

93 

17 

319 

1962 

216 

60 

100 

20 

396 

1963 

237 

63 

104 

20 

• 

426 

1964 

337 

67 

114 

20 

338 

1963 

476 

17 

63 

• 134 

20 

712 

1966 

643 

34 

63 

196 

20 

978 

1967 

661 

34 

63 

203 

20 

3 

1003 

1968 

883 

37 

39 

321 

20 

1 

3 

1340 

1969 

1146 

60 

32 

303 

20 

1781 

1970 

1311 

60 

47 

610 

20 

2068 

1971 

1408 

39 

46 

622 

1 

2136 

1972 

1393 

62 

49 

619 

1 

6 

2132 

1973 

1341 

38 

49 

630 

18 

2 

2118 

Notes  The  aboirt  n^ret  are  at  of  December  31  cadi  year  except  1973,  »hcn  the  affeeuxe 
date  u Aupiit  31.  Others  inciudet  Dasuult  and  Kanborper  flusieupbao. 

Source-  “Aucrafl  in  Operation  by  CeruTicated  Route  Air  Camen."  US.  Department  of 
Tranaportation,  Federal  Anatron  Adminutraoon.  fXA  SutUtKal  Handbook  of  Ord  Ana- 
non,  xanoui  years. 


fron  Carroll,  1975,  p.  1A7. 
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Oynamlcs  In  the  U.S.  conmercial  jet  aircraft  narfcet  through  1973;  by  1973,  over 
6jZ  ot  coTsaerclal  jet  aircraft  In  service  with  American  airlines  were  produced 
by  Boeing. 

The  commercial  air  transport  Industry  was  regulated  by  the  Civil  Aero- 
nautics Board  during  the  entire  postwar  period;  this  customer  Industry  increased 
slightly  In  concentration,  while  price  competition  in  transport  was  largely  ab- 
sent. Price  competition  among  the  airframe  producers  remained  intense,  however, 
despite  increased  producer  concentration;  the  failure  of  the  Convair  880,  and  the 
subsequent  problems  of  the  Douglas  DC-9,  were  both  due  in  part  to  aggresive  ef- 
forts by  their  producers  to  underprice  the  competition.  More  recently,  the  in- 
troduction of  widebody  transports  was  marked  by  fierce  competition  between  Douglas 
and  Lockheed,  in  both  price  and  delivery  date'.  The  market  for  American  commer- 
cial aircraft  became  an  international  market  during  the  postwar  period,  aided  by 
substantial  government  assistance  in  finance  of  purchases  by  foreign  concerns,  in 
contrast  to  the  situation  of  the  1930's,  when  barriers  to  trade  in  aircraft  were 
substantial.  According  to  Carroll  (1975),  as  of  early  1969,  "In  the  total  world 
/jet^?  aircraft  fleet,  27A7  of  the  total  of  3494  (or  78. 6Z)  are  United  States 
made."  (p.  153). 


The  intense  competition  among  major  airframe  producers  during  the  postwar 
period  has  created  several  near-failures  of  important  firms.  The  Douglas  Air- 
craft Corporation  approached  bankruptcy  as  a result  of  poor  financial  management 
and  overly  energetic  and  generous  sales  efforts  for  tne  DC-9  in  1966.  Despite 
an  order  backlog  of  $2.3  billion,  Douglas  was  forced  to  merge  with  McDonnell  Air- 
craft in  1967^  with  the  acquiescence  of  the  Department  of  Justice,  and  the  aid  of 
Cf 

a Federallj^guaranteed  loan  of  $73  million.  The  Douglas  firm,  producing  largely 
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civUlan  aircraft,  compleaented  the  prlaarlly  allitary  product  line  of  McDoo<'‘*ll, 
and  McDoonell-Douglaa  laoved  qulcicly  tc  begin  vorfc  on  the  OC-IO  vide  body  traoa- 
port.  Sales  conpetltlon  between  the  McDonncl-Uouglas  DC-10  and  the  Lockheed 
L-1011,  as  well  as  the  bankruptcy  of  Rolls-Boyce  and  the  C-5A  debacle,  left  the 
Lockheed  Aircraft  Corporation  financially  ravaged.  Collapse  of  LocUeed  was 
averted  In  1971  only  by  a Federal  loan  guarantee  of  $z50  million.  To  an  un- 
precedented extent  in  the  1960s  and  1970's,  then,  the  Federal  government  was 
directly  Involved  In  determining  the  structure  of  the  commercial  aircraft  In- 
dustry. 

f 

Market  Structure  and  Conduct  In  the  Jet  Age 

As  was  noted  above,  the  coexistence  of  high  levels  of  producer  concen- 
tration and  fierce  price  competition  make  the  commercial  aircraft  Industry  an 
unusual  cne  within  manufacturing.  This  unusual  aspect  of  the  Industry  reflects 
several  unique  structural  features,  which  receive  greater  attention  below.  As 
Carroll  (1972,  1975;  and  others  have  noted,  the  relationship  of  aircraft  producers 
and  airline  consumers  ttrough  1978,  i.e.,  prior  to  deregulation,  closely  approxi- 
mated that  of  bllaterlai  oligopoly.  Tne  market  for  commercial  aircraft  was  dom- 
inated by  large  orders  from  a small  number  (approximately  four)  of  major  trunk 
carriers.  This  dominance  of  the  market  was  In  part  an  outgrowth  of  the  nature 
of  airline  regulation  by  the  Civil  Aeronautics  board  (see  below);  within  this  en- 
vironment of  bllaterlal  oligopoly,  airlines  tended  to  have  the  upper  hand  In  pur- 
chase negotiations,  playing  competing  suppliers  off  against  one  another,  as  In 


u 


lafemtc— 

Abernathy,  V.J.  The  Productirlty  Dtlfui.  BalClJwra:  Johns  Bopklns 
OolTanicy  Frasa,  1978. 

and  J.M.  Utcerback.  "Fattams  of  Industrial  Innoratlon.” 

Tachnolo5cy  lavleir.  June/July  1978,  pp.  A1-A7. 

Aviation  Week  and  Spaca  Tachnologr.  **Tachnlcal  Survey:  Vary  High  Speed 
Integrated  Circuits."  February  16,  1961,  pp.  A8-8S. 

Charles  River  Associates,  Innovation,  Coapetltlon,  and  CovemBent  Poller 
in  the  Semiconductor  Industry.  Caabrldge:  CRA,  March  1980. 

Dataquest,  Semiconductor  Industry  Services.  Appendix  B.  Cupertino,  California 
Dataquast,  1980. 

Integrated  Circuit  Engineering.  Status  1980:  A Report  on  the  Integrated 

Circuit  Industry.  Scottsdale,  Arizona:  ICE,  1980. 

. Status  1981:  A Report  on  the  Integrated  Circuit  Industry. 

Scottsdale,  Arizona:  ICE,  1981. 

Keyes,  R.W.  "Physical  Limits  In  Seedconductor  Electronics."  Science, 

March  18,  1977,  pp.  1230-35. 

Moore,  C.E.  "VLSI:  Some  Fundamental  Challenges."  lEEESpectum.  April  1979, 

pp.  30-37. 

National  Science  Foundation.  Research  and  Development  In  Industry. 

Washington:  D.S.  Covemment  Printing  Office,  annually. 

< 

. Science  Indicators.  Washington:  D.S.  Covemment  Printing  Office, 

1980. 

Noyce,  t.H.  "Large  Scale  Integration:  What  is  Tft  to  Cobm7"  Science. 

Kerch  18,  1977,  pp.  1102-06. 


F2 


8.  For  «n  interesting  dlsciuslon  of  recent  dcrelopacnts  in  cuatoa  and  seal- 
custoo  design  and  fabrication,  see  Integrated  Clrcait  Engineering 
(1981) . 

9.  For  an  Inteeestlng  and  detailed  siirve7  of  progress  made  during  the  first 
nine  months  of  VHSIC  funding,  see  Aviation  Veek  and  Space  Technolo<rri 
February  16,  1981,  pp.  A8-85. 


PRECEDING  PAGE  BLANK  NOT  FILMED 


B2 


Office  of  Technology  Asfeesaeat  end  Foreceat,  U.S.  Departaent  of  Coaacrce. 
Patent  Frofilea;  Mlcroelectronlce  I.  Veshlngton:  U.S.  Governaent 

Printing  Office,  Pebtuery  19S1. 

Osborne,  A.  Running  Wild;  The  Next  Industrial  Eavolotlon.  Berkeley, 
California:  Oebome/McGrotf-Hlll,  1V79. 

Robinson,  A.L.  "Grant  Corporations  ftoa  Tiny  Chips  Crow."  Science. 

May  2,  1980,  pp.  480-84. 

Rosenberg,  N.  and  W.E.  Stelnmueller.  "The  Econoolc  InpUcatlons  of  the 
VLSI  Revolution."  Working  paper,  Stanford  University,  1980. 
Serr^conductor  Industry  Association.  The  International  Microelectronic 

Challenge.  Cupertino,  California:  Sealconductor  Industry  Association 

Hay  1981. 

U.S.  International  Trade  Conmlsslon.  Cocapetltlve  Factors  Influencing  World 
Trade  In  Integrated  Circuits.  Washington:  USITC,  November  1979. 

Utterback,  J.M.  "The  Dynamics  of  Product  and  Process  Innovation  In  Industry, 
In  C.T.  Hill  and  J.M.  Utterback,  ed..  Technological  Innovation  for  a 


Dynamic  Econoeny.  New  York:  Pergamon  Press,  1979. 


r 


-18- 


rellance  upon  contractual  relationships  In  the  design,  production,  and  pro- 
cureaent  of  complex  capital  goods;  the  Industry  exhibits  a very  low  degree  of 
vertical  Integration.  The  nature,  causes  and  consequences  of  this  market  struc- 
ture are  of  some  Interest.  Production  of  new  aircraft  requires  extensive  ne- 
gotiations between  the  airframe  and  engine  producers.  Involving  performance 
specifications  and  guarantees  that  are  absolutely  crucial  to  the  success  of  a 
given  design,  yet  may  be  highly  unrealistic  at  the  time  a contract  Is  signed 

Both  the  Boeing  747,  utilizing  Pratt  and  Whitney  engines,  and  the  Lockheed  L-1011 
relying  upon  Rclls-Royce  as  the  engine  supplier,  encountered  severe  difficulties 
in  meeting  original  performance  specifications.  For  the  747,  the  initial  range 
and  weight  goals  had  to  be  abandoned,  while  Lockheed  nearly  collapsed  fo] lowing 
the  failure  of  the  Rolls-Royce  firm,  a failure  due  in  large  part  to  aesign  pro- 
blems with  the  L-lOll  engines.  One  result  of  this  incr'iasingly  complex  and  im- 
portant engine-airframe  Interface  has  been  the  acquisition  by  such  major  air- 
frame producers  as  Boeing  or  Northrop  (an  important  military  producer  and  civil- 
ian subcontractor)  of  a substantial  in-house  expertise  in  engine  performance, 
engineering,  and  evaluation,  duplicating  that  of  the  engine  manufacturers. 

The  subcontracting  of  production  of  new  aircraft  designs  has  also  grown 
substantially  in  importance  in  recent  years,  due  to  mushrooming  development 
costs  and  the  increasing  complexity  of  aircraft  components.  Rae  (1963,  p.  83) 
states  that,  in  the  1930's  subcontracting  "constituted  less  tnan  iO  per  cent  of 
the  industry's  operations",  but  by  the  mid-1950's,  30-40J  of  the  assembly  work 
for  the  turboprop  Lockheed  Eiectra  was  subcontracted.  With  the  introduction  of 
the  Boeing  747,  six  major  subcontractors  accounted  for  70  percent  of  the  assembly 
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the  caie  of  Douglas,  Boeing,  and  Convalr  in  Che  early  1960's: 


...once  Che  decision  has  been  nade  Co  purchase,  ic  becomes  desirable 
Co  place  orders  for  sizable  fleecs.  Furcher,  Che  fairly  concenCraced 
nature  of  Che  air  carrier  industry  Insures  that  the  orders  made  by  in- 
dividual airlines  are  large  relative  to  Che  total  market.  From  this, 
and  the  situation  of  the  sellers,  a large  airline  derives  considerable 
market  power  from  its  purchasing  decision.  (Carroll,  1975,  p.  158} 

The  willingness  of  aircraft  producers  to  undertake  the  expensive  and 
risky  casks  of  development  of  new  aircraft  designs  for  which  an  insufficient 
market  exists  reflects  the  importance  of  early  delivery  of  new  designs  to  air- 
lines under  the  CAB  regime.  The  advantages  to  airline  customers  of  multiple 
suppliers  of  new  aircraft  designs  also  led  them  to  encourage  competition  in  air- 
craft production;  thus  Juan  irippe  of  Pan  American  placed  the  first  orders  for 
commercial  jet  aircraft  with  both  Boeing  and  Douglas.  Nonetheless,  the  desire  o. 
producers  to  enter  into  such  ruinous  competition,  as  well  as  its  recurrence,  are 
not  easily  explained  without  consideration  of  the  role  of  government  military 
procurement  (as  well  as  the  federal  government’s  evident  reluctance,  in  time  of 
financial  crisis,  to  allow  a producer  to  go  bankrupt.)  As  Table  6 shows,  mili- 
tary sales  have  remained  very  important  during  the  postwar  period  for  all  of  the 
major  conaierclal  airframe  producers,  and  have  provided  a steady  source  of  profit 
with  which  to  support  commercial  gambles.  Carroll  points  out  that 

large  government  and  space  involvement,  ptovldes  the  safety  net  that 
catches  a plummeting  airframe  company.  Large  backlogs  of  government 
contracts  furnish  rather  steady  income  during  periods  when  commercial 
activities  mak'*  sales  and  earnings  volatile.  Government-sponsored  re- 
search provides  the  bulk  of  airframe  technology.  Finally,  the  govem- 
ment  simply  will  not  allow  a major  defense  contractor  to  fall  completely, 
whatever  its  commercial  sins.  (1975,  p.  162) 

Tne  current  structure  of  the  commercial  aircraft  industry  places  consider 
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Table  6 


Commcrcul  S«l«  at  i Ptfctnuq*  of  Tota>  S«lt» 


ffcr 

General 

Dynamlct 

UclionntU- 

DautUt 

Botint 

Lockheed 

1>57 

3U 

11 

195S 

212 

4.0 

12J 

1939 

11.9 

23.4 

19(0 

46.7 

31.1 

1961 

10  8 

37J 

2X7 

1962 

13  3 

2X8 

238 

3D 

1963 

19  4 

2X4 

14.7 

1964 

20J 

23J 

33.6 

1963 

21.9 

33.2 

49  6 

1966 

22.0 

464 

3X3 

SO 

1967 

3X2 

37.1 

196S 

46.3 

69.2 

1969 

4(0 

64.3 

60 

1970 

1 3 

29  6 

78.4 

40 

1971 

1 7 

28  3 

76.7 

3.0 

1972 

4 3 

40  9 

Note.  A bbnk  indicatei  <bu  vett  not  avidabie. 


Source  Company  Annual  Rcpoiu,  «uioui  yean.  Moody  t Induttnah  and  Moody 't  Hand- 
book of  Common  Stocks,  vaiicui  yeati. 
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o£  the  aircraft,  according  to  Hochmuth  (197A) ; a major  subcontractor  for  the 
fuselage  assembly  was  Northrop.  Subcontractors  for  both  the  747  and  the  up- 
coming 7b7  are  also  required  by  Boeing  to  share  a substantial  portion  of  the 
development  costs.  Thus,  subcontracting  has  increasingly  come  to  fulfill  a risk 
sharing  role  in  the  aircraft  industry.^ 

An  additional  reason  for  the  growth  in  subcontracting  in  both  the  mili- 
tary and  commercial  aircraft  sectors  is  the  increasing  complexity  of  such  air- 
craft components  as  avionics.  Major  airframe  producers  simply  do  not  have  the 
requisite  in-house  competence  to  develop  and  produce  these  complex  systems  them- 
selves. Occasionally,  Che  decision  is  made  to  proceed  with  in-house  developnen: 
of  a given  component,  as  a means  of  acquiring  the  expertise;  this  is  far  more 
cotfmon  with  military  development  contracts  than  in  the  commercial  sector,  (see 
below) . 

ihe  final  nexus  of  contractual  relations  in  the  aircraft  industry  is  the 
between  aircraft  producers  and  airline  consumers.  As  was  noted  above,  competi- 
tion among  producers  is  intense,  in  the  areas  of  price,  delivery  date  and  per- 
formance specifications.  The  importance  of  a large  initial  order  for  a new  air 
craft  design  has  grown  substantially,  reflecting  the  concomitant  growth  of  deve 
ment  costs.  Producers  must  have  a guarantee  that  at  least  a sibstantial  portlc 
these  development  costs  will  be  recouped  prior  to  undertaking  prototype  develor 

ment.  The  airlines  placing  these  initial  orders  thus  are  in  a position  of  con- 

* 

•Iderable  power  to  dictate  the  performance  characteristics  of  a given  aircraft 


^According  to  Aviation  Week  and  Space  Technology,  discussing  the  new  Boeing 
767  transport,  "The  767  subcontracting  also  will  be  devoted  to  sharing  the 
risk.  It  will  resemble  the  747  situation  in  many  respects,  although  in  this 
case  the  major  subcontractors  will  be  required  to  assume  a larger  share  of  the 
risk,  for  potentially  greater  profits — " (7/24/78) 
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the  Degotlatlon  and  specification  of  these  performance  criteria  necessitates  a 
large  in-house  technical'  and  engineering  staff  in  each  of  the  major  coamerclal 
carriers.  Further,  since  the  route  structure  of  each  carrier  is  substantially 
unique,  the  performance  characteristics  viewed  by  each  as  most  desirable  may 
vary  substantially.  The  airline  placing  a large  initial  order  thus  may  be  in 
a position  to  Influence  the  characteristics  of  a new  generation  of  aircraft — 
the  relative  financial  health  and  route  structures  of  airline  firms  thus  exerts 
a major  Influence  on  the  direction  of  technical  change  in  the  commercial  air- 
craft industry,  due  to  this  "user-active"  pattern  of  new  product  design.  As  is 
the  case  elsewhere  in  this  contractual  system,  the  ability  of  producers  to  meet 
performance  specifications  is  rarely  certain  at  the  time  such  commitments  are 
made. 

Given  the  complexity  of  the  technologies  involved,  as  v.eli  as  the  severe 
uncertainties  that  are  Inherent  in  the  production  and  procurement  of  such  a tec- 
nologically  sophisticated  capital  good,  there  exist  considerable  transactions 
costs  within  this  industry  structure.  Extensive  parallel  engineering  staffs  arc 
maintained  by  airframe  manufacturers,  engine  producers,  and  airline  purchasers. 
The  direction  of  Innovation  is  highly  responsive  to  a small  segment  of  overall 
demand.  Considerable  resources  are  Invested  in  negotiation  and  (not  infrequent, 
litigation.  Finally,  the  incentives  for  misrepresentation  of  performance  chara. 
^ istlcs — Arrow's  "moral  hazard" — and  competition  in  price  and  delivery  daces  na> 

. have  deleterious  effects  upon  product  safety.  The  crash  of  the  UC-iC  near  Pan 
in  1974  Involved  an  improperly  designed  cargo  door,  about  the  dangers  of  which 
lines  were  not  informed  rapidly  and  which  was  modified  by  McDonnell  Douglas  onl 
after  considerable  delay  (and  not  at  all  for  certain  al^'craft,  such  as  the  one 
that  crashed  in  1974) . The  faulty  door  was  particularly  dangerous  because  of  c 
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deslgn  of  the  hydraulic  system  of  the  DC-10;  unlike  the  L-lOli  or  B-747,  only 
three  hydraulic  systems  were  built  Into  the  plane  by  McDonnell  Douglas,  and 
were  located  close  togettier,  making  the  aircraft  susceptible  to  a severe  loss  ot 
control  in  the  event  ot  accident.  One  account  (Eddy,  Potter,  and  Page,  1976) 
notes  that  the  incentives  faced  by  McDonnell  Douglas^^o  produce  a wldebody 
transport  prior  to  Lockheed  vere  partly  responsible  for  these  design  defects. 

The  1979  Chicago  crash  of  a DC-10  demonstrated  the  vulnerability  of  the  aircraft 
hydraulic  system,  and  revealed  additional  difficulties  of  moral  hazard  and  com- 
munications concerning  engine  maintenance.  The  market  interface  in  many  of  the 
transactions  involving  commercial  aircraft  production  and  procurement  occasional 
may  result  in  severe  impediments  to  the  free  flow  of  information  and/or  full  re^ 
elation  of  details  of  design  and  performance.  Offsetting  these  potential  costs 
of  market-mediated  fabrication  and  procurement  processes,  of  course,  are  tne  sub 
stantial  benefits  of  competition  among  airframe  and  engine  producers,  it  is  ex- 
tremely unlikely  that  a greater  degree  of  vertical  integration  in  the  commercial 
and  transportation  sector  would  have  produced  as  rapid  a pace  of  Innovation,  ser 
quality  improvement,  and  productivity  growth.  However,  the  pace  of  innovation  r 
bably  has  been  affected  more  heavily  by  military  research  and  procurement  pollci 
as  well  as  regulation  by  the  Civil  Aeronautics  board  of  the  transportation,  tfia- 
by  structure,  which  itself  has  been  Influenced  heavily  by  military  development^ 
and  procurement,  as  well  as  airline  regulation. 

III.  The  Record  of  Technical  Progress 

Ihe  Innovative  performance  of  the  commercial  aircraft  Industry  may  be  ca; 
tured  in  part  by  two  measures:  available  seats  multiplied  by  cruising  speed 
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(AS  X V )•  and  costs  per  available  seat  mlle.^  While  these  two  measures  do  not 
c 

translate  straightforwardly  into  a conventional  productivity  IndeXi  such  as  tha: 
vlded  by  Kendrick  (1961,  1973;  on  a highly  aggregated  basis  for  air  transporta- 
tion, they  have  the  advantage  of  being  available  separately  for  various  alrcraf 
designs.  Over  time,  with  the  introduction  of  successive  "generations"  of  air- 
craft, AS  X has  risen,  and  costs  per  available  seat  have  fallen.  Tables  7 
and  8 display  the  evolution  of  these  two  measures  of  aircraft  performance  durir. 
the  19t0-/5  period,  txamining  direct  operating  costs  per  seat  mile,  the  quantu 
drop  represented  by  the  UC-J  stands  out  quite  clearly;  as  Phillips  noted,  the 
seat  mile  costs  of  the  DC-3  aircraft  were  "...so  much  lower  than  those  of  al- 
ternate aircraft  that  even  with  a relatively  low  load  factor  its  passenger  mile 
costs  were  often  lower  than  those  for  other  planes."  (1571,  p.  94).  Another  ma 
jor  drop  in  seat  mile  costs  came  with  the  introduction  of  the  wide  bodied  trans 
ports.  Incorporating  large,  high-bypass  ratio  jet  engines,  ihe  evolution  of  cr 
ing  speed  and  capacity  (AS  x V^)  shows  the  large  jump  that  came  with  the  intro- 
duction of  four-engine  transports  limiediate_y  after  World  War  II,  as  well  as  tr 
improvement  chat  was  registered  with  first  jet  engine  transports,  it  is  inter- 
esting to  note  that,  alone  of  the  successive  generations  of  aircraft,  the  wide 
Dody  transports  incorporate  major  increases  in  available  seat  velocity,  and  si‘ 
nlficant  declines  in  direct  operating  costs  per  seat  mile.  As  Rosenberg  et  al 
(1978)  noted,  since  the  appearance  of  the  monocoque  airframe  design  in  1933,  c. 
per  seat  mile  have  declined  ten-fold,  while  passenger  capacity  and  speed  have 
by  a factor  of  10. 

An  additional  important  feature  of  technical  progress  in  aircraft  is  o\ 
looked  in  these  tables,  which  present  operating  costs  as  of  the  >ear  of  introc 

^These  measures  are  employed  in  Rosenberg,  Thcmo'cn,  and  2elsley  (1978)  . 


DIRECT  OPERATING  COSTS,  t/sm  1954  DOLLARS 
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TABLE  7 - Direct  operatinc  costs  of  multicnpino  Ainorican  transports  - first 

year  of  operation  (19S4  dollars). 

(fron  Rosenberg,  Thompson,  and  Belsley,  1978,  p.  65) 
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TABLE  S ~ Passenger  carrvinp  productivity  as  expressed  by  AS  V irulti- 

enpinc  Aacrican  transports.  * ^ 

(froB  RosenberK,  Thompson,  and  Belsley,  1978, p.  66) 
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of  ■ given  design.  An  Important  element  of  technical  change  and  performance  im- 
provement in  this  Industry  operates  during  the  life  ot  a given  airframe  design, 
in  the  "beta  phase"  of  the  Innovation  process  (see  Enos,  19b2,  for  further  dis- 
cussion}. For  the  Boeing  2A7,  the  first  raonocoque  passenger  airframe  design, 
seat  mile  operating  costs  declined  from  7c  In  19J1  to  5c  In  1940  (Table  9).  Ihe 
Lockheed  Electra  L-lb8,  a four-engine  turboprop,  exhibited  an  annual  rate  of  cost 
decline  of  roughly  7X,  while  operating  costs  for  the  Boeing  707  declined  at  an 
annual  rate  of  8.7Z  (see  Tables  8 and  9}.  These  declines  In  operating  costs  stem 
from  both  modifications  In  aircraft  design  and  Improvements  In  the  operating  and 
maintenance  of  these  complex  capital  goods,  both  ot  which  incorporate  Important 
elements  of  learning  in  use  (ste  Rosenberg,  i960  tor  further  discussion). 

There  is  now  a co’*siderable  body  of  literature  describing  the  improvements 

in  productivity  which  have  been  associated  with  learning  to  manufacture  a newly 

conceived  product.^  Indeed,  in  some  circles  the  phenomenon  is  referred  to  as  the 

"Homdal  Effect,"  after  the  Swedish  steelworks  where,  over  a period  of  15  years, 

output  per  man  hour  was  observed  to  increase  about  2Z  per  year  even  though  no 

changes  had  occurred  in  either  the  plant  or  production  techniques.  The  phenomenon 

has  been  further  documented,  not  only  in  air-frame  production,  but  in  machine  tools, 

2 

shipbuilding  and  textiles  as  ueil. 


^The  next  several  pages  are  taken  from  Rosenberg,  Thompson  and  Beisley  (1978). 

2 

A.  Alchian,  "Reliabilitv  of  Progress  Cun'es  in  Airfrare  Producricn."  rccncretrica 
October  1963,  pp.  679-92;  Hemer  Hirsch,  "Firm  Progress  Ratios,"  Fcor.crctrica, 
April  1956,  pp.  136--13;  Leonard  Rapping,  "Learning  and  World  War  II  rTOdticticn 
Functions,  "Fevicw  of  Fconcracs  and  Statistics,"  1965,  pp.  81-86;  Paul  David, 
"Learning  by  Doing  and  tariir  Protection’  A Reconsideration  of  the  Case  of  the 
Ante-Dellun  U.S.  Cotton  Textile  Industry,"  Journal  of  Fconcnic  History,  Sept. 
1970,  pp.  521-601;  Kenneth  Arrow,  "The  Fconc.nic  Irplications  of  Learning  by 
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Ycu-8  After  Introduction 
Source  I Phillips,  £2.  clt.  pp.  33-39 

TABLE  9 - Beta  phase  direct  opcratinj;  cost  rc^Iuction  of  particular  Piston 

aircraft 

(fron  Rosenberg,  Thompson,  and  Bclsley,  1978,  p.  67) 
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Ve  wlsti  to  emphasize  here,  however,  a different  but  related  fora  of 
ieaming-by-dolng.  Not  only  does  leaming-by-dolng  take  place  in  the  aanu- 
facturlng  process  as  workers  Improve  their  skill  in  the  making  of  the  product, 
but,  as  a result  of  the  actual  use  of  the  aircraft  itself,  a considerable  learn- 
ing process  occurs  which  reduces  the  operating  costs  of  the  aircraft  in  use  after 
its  manufacture.  Much  of  the  leaming-by-dolng  in  aircraft  has  been  associated 
with  the  gradually  growing  body  of  experience  associated  with  the  operation  of 
a new  model  airplane.^  The  experience  is,  perhaps,  most  characteristic  of  com- 
plex final  products  with  elaborately  difterentiated  but  interdependent  compon- 
ent parts,  and  is  therefore  related  to  the  complementarity  phenomenon,  oper- 
ating cost  reductions,  as  we  will  see,  depend  heavily  upon  gradually  learning 


(continued; 

Doing,"  Review  of  Econonic  Studies,  June  196.!,  pp.  105-/3.  According  to  Hirsch, 
the  U.S.  Air  Force  "for  quite  some  time  h?d  recognized  that  the  direct  labor 
input  per  airframe  declined  substantially  as  cumulative  airframe  output  went  up. 
ihe  btanford  Research  Institute  and  the  RAND  Corporation  initiated  extensive 
studies  in  the  late  forties,  and  the  early  conclusions  were  that,  insofar  as 
World  War  II  airframe  data  were  concerned,  doubling  cumulative  airframe  output 
was  accompanied  by  an  average  reduction  in  direct  labor  requirements  of  about 
lOX.  This  meant  that  the  average  labor  requirement  after  doubling  quantities 
of  output  was  about  80i  of  what  it  had  Been  before.  Soon  the  aircraft  industry 
began  talking  about  the  'eighty  percent  curve'."  Hirsch,  op.  cit . , p.  13b. 

It  is  possible,  of  course,  that  cost  reductions  which  have  been  attributed  to 
learning  by  doing  have  actually  been  due  to  other  factors  wnich  have  not  been 
defined  as  a residual.  For  earlier  discussions  of  the  learning  curve  in  the 
aircraft  industry,  see  Adolpn  Rohrbach,  "Economical  Production  of  All-Metal 
Airplanes  and  beaplares,"  Journal  of  the  Society  of  Autonotive  Engineers, 

January  i.j21 , pp.  57-66,  and  T.P.  Wrignt,  Factors  Affecting  the  cost  of 
Airplanes,"  Journal  of  tne  Aeronautical  Sciences,  February  1936,  pp.  122-128. 

^A  parallel  process,  with  which  we  do  not  deal,  is  the  extensive  learning 
which  was  Involved  in  the  operation  and  management  of  an  entire  aircraft 
fleet.  There  were  taany  operational  problems  for  which  optimal  procedures 
had  to  be  developed — scheduling  problems,  turnaround  time,  dovetailing  the 
requirements  of  equipment  with  those  of  personnel,  etc.  Such  "software" 
responsibilities  belong  to  the  realm  of  management  and  not  technology,  al- 
though the  two  realms  are  obviously  interrelated. 
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store,  during  Che  actual  operation  of  a nev  aircraft,  about  Che  perfonaance 
characteristics  of  an  airplane  system  and  its  components,  and  therefore  under- 
standing more  clearly  its  eventual  full  potential.  For  example,  it  is  only- 
through  extensive  usage  that  detailed  knowledge  is  developed  about  engine  op- 
eration, their  maintenance  needs,  their  minimum  servicing  and  overhaul  re- 
quirements, etc.  This  is  due  partly  to  an  inevitable — and  highl/  desirable — 
overcautiousness  on  the  part  of  the  manufacturer  in  dealing  with  an  untried 
product.  As  experience  accumulates,  it  becomes  possible  to  extend  the  oper- 
ating life  beyond  original  expectations. 

A point  which  deserves  to  be  made  explicit  in  all  this  is  the  persis- 
tent Importance  of  uncertainty  in  the  precision  of  prediction  of  performance 
in  airplane  design.  In  spite  of  elaborate  possibilities  for  prior  experimen- 
tation in  wind  tunnels  of  increasing  sophistication  and  theoretical  techniques 
of  Increasing  precision  in  aerodynamic  research,  such  things  as  scale  effects 
and  the  phenomena  of  compressibility  and  turbulence  continue  to  result  in  un- 
expected outcomes  of  a positive  as  well  as  negative  nature.  Sometimes  perfor- 
mance exceeds  expectations  and  sometimes  there  are  unexpected  benefits  as  well 
as  unexpected  problems.  Wind  tunnel  tests  in  the  past,  for  example,  have  re- 
sulted in  exaggeration  of  the  Increase  in  drag,  particularly  at  transonic  speeds, 
and  handling  problems  associated,  for  example,  with  a swept-back  wing  design. 

One  must  not  exaggerate,  therefore,  the  extent  to  which,  even  today,  the  de- 
sign of  aircraft  can  draw  upon  precise  scientific  methodology  to  achieve  its 
ends.^ 


Stiller  and  Sawers  (1968),  pp.  246-250. 
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Secondly,  ve  have  the  technological  advances  eabodied  In  the  hardware 
of  the  aircraft.  One  excellent  neans  of  gaining  insight  into  how  several  cos- 
pleaentary  technological  advances  occur  at  uneven  Intervals  is  to  describe  the 
process  as  it  occurs  for  a particular  aircraft.  We  may  consider  the  case  his- 
tory of  the  Douglas  DC-8  as  representative  of  this  process  of  development; 
several  of  the  events  in  this  history  are  sutmarized  in  Table  10. 

In  the  DC-8  ve  have  an  aircraft  which  has  experienced  a more  than  50Z 
reduction  in  operational  energy  costs  over  its  life  span  on  a per-seat-mlle 
basis,  as  well  as  an  Increase  in  productivity  (AS  x V^)  from  62,500  or  the  DC8-10 
30  & 50,  to  130,000  for  the  DC8-61-63  series,  although  the  basic  configuration 
has  been  largely  unchanged  and,  as  we  can  see,  the  modifications  have  been  rela- 
tively unsophisicated  compared  to  differences  between  aircraft  types.  Clearly, 
an  important  set  of  modifications  has  had  to  do  with  the  engines,  which  have 
progressed  both  to  Increase  available  thrust  and  decrease  specific  fuel  con- 
sumption, thus  Increasing  the  potential  payload  and  directly  reducing  operating 
costs.  At  the  same  time,  there  have  been  modifications  to  the  wing  profile  that 
reduce  the  drag  of  the  aircraft.  With  the  DC-8-30,  a drooped  flap  was  added, 
then  a leading  edge  extension  with  the  DC-8-50.  Subsequent  models  increased 
the  aspect  ratio  and  repositioned  the  flap.^  Engine  pylon  design  also  under- 
went some  modification.  These  variations  on  the  aircraft’s  geometry  were  moti- 
vated by  the  drag  reduction  and  consequent  increased  fuel  economy  they  were  able 

^Vhlle  the  modifications  alter  the  aerodynamic  parameters  of  the  wing,  sometimes 
substantially,  the  wing  Itself  does  not  generally  experience  internal  structural 
alterations.  This  is  because  of  the  prohibitively  high  cost  of  wing  design 
which  makes  it  much  more  economical  to  modify  the  flaps,  leading  edge  and  wing 
tips.  At  the  same  time,  the  possibility  of  eventually  utilizing  even  these  add- 
on devices  must  be  anticipated  to  some  degree  during  the  initial  wing  develop- 
ment stage. 


Direct  Operating  Centsi  Cents  per  Avalli.ble  Pass'- njjir  Seat  Mile  {105>. 
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Source  I Phillips*  clt»  pp.  40-41 

TABLE  10:  - Beta  phase  direct  operating  i.Oit  rct3uct»on  Tor  two  specific 

turKijct  aircraft. 

(from  Rosenberg,  Thoapson,  and  Belsley,  1978,  p.  68) 
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to  provide.  But  it  Is  clear  from  the  figure  that  a third  very  substantial 
contribution  to  Increasing  Che  aircraft  productivity  has  been  Che  ability  to 
stretch  the  aircraft.  Increasing  capacity  from  123  seats  up  to  251  seats,  thus 
demonstrating  Che  large  leverage  to  be  reaped  by  Increasing  Che  Internal  pas- 
senger capacity,  provided  of  course  they  can  be  operated  sufficiently  close 
to  capacity.  The  interdependence  of  these  technological  Improvements  Is  per- 
haps obvious  but  requires  explicit  exposition.  The  possibilities  for  stretching 
and  consequently  adding  payload  volume  and  weight  to  the  vehicle  depend  upon 
having  more  powerful  engines  to  meet  the  take-off  Incorporated  in  the  wings  to 
maintain  approach  and  landing  speed  as  well. 

The  story  of  the  DC-8  is  quite  representative  of  the  transport  aircraft 
industry  design  p5;ilosophy.  Innovations  which  have  been  incorporated  within  a 
particular  vehicle  and  which  have  made  substantial  improvements  in  their  oper- 
ating cost  characteristics  predominatly  have  a good  deal  to  do  with  engine  de- 
velopment In  terms  of  available  thrust  and  fuel  consumption  capabilities,  with 
reduction  in  overall  drag  by  modification  in  wing  design,  with  stretching  of  the 
vehicle  to  Increase  payload  capability.  Although  the  dramatic  improvements  in 
operating  costs  may  Initially  appear  to  come  directly  from  the  stretching  pro- 
cess, this  process  is  unattainable  without  the  complementary  developments  of 
power  plant  technology  and  sometimes  wing  technology,  themselves  highly  inter- 
dependent technologies.  Engine  technology  in  particular  during  the  turbine  era 
has  experienced  dramatic  technological  growth  in  terms  of  thrust  per  pound  of 
engine  weight,  which  has  increased  by  over  502  in  20  years,  but  even  more  so 
In  terms  of  fuel  consumption  per  hour  per  pound  of  thrust.  For  example,  in 
1950,  about  0.9  pounds  of  fuel  were  required  for  each  hour-pound  of  thrust. 
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By  the  early  1960 *s,  this  requirement,  with  the  development  of  the  turbo  fans, 
dropped  to  around  0.75  pounds  of  fuel  per  hour-pound  of  thrust.  With  the  in- 
novation of  the  high  bypass  turbo  fans  around  1968  and  In  use  today,  the  fuel 

/ 

requirements  dropped  to  0.6  pounds  of  fuel  per  hour-pound  of  thrust.  This  30Z 
decline  in  fuel  requirements  over  this  period  has  direct  implications  for  In- 
creasing the  deliverable  payload  of  aircraft  within  the  turbine  generation. ^ 

The  phenomenon  of  stretching  as  applied  to  jet  transports  from  the  Comet 

to  the  747  is  a classic  example  of  a process  which  is  not  very  "interesting" 

2 

technologically  but  is  of  vital  economic  importance.  To  begin  with,  the  pro- 
cess reflects  the  basic  complementarity  between  the  performance  of  the  engine 

and  the  airframe.  Indeed,  there  is  little  incentive  to  improve  engine  design 

3 

unless  airframe  designers  know  how  to  exploit  the  improvement.  The  carrying 


toeing 


Commercial  Airplane  Co.,  (1976) 


p.  4 . 


The  technique  of  stretching  has  a much  older  history  and  was  applied  with  great 
success  to  the  DC6-DC7C  series  as  well  as  the  Lockheed  649  to  1049H  series  of 
propeller  driven  aircraft.  A well  documented  recent  example  of  this  technioue 
is  shown  in  the  case  of  the  DC9  series  aircraft  in  Business  Week  (pp.  95  & 100, 
Nov.  14,  1977)  where  the  DC9  series  has  been  Increased  in  siie  by  lengthening 
the  fuselage  from  104.4  ft.  (80  passengers)  in  1965  to  147.8  ft.  (155  passengers) 
in  1930  in  five  distinct  steps.  In  addition,  modifications  to  the  wing  and  power 
plant  have  enabled  it  to  increase  performance  and  keep  abreast  of  the  latest 
noise  regulations. 

^The  role  of  highly  specialized  producers,  and  the  question  of  what  constitutes 
the  optimum  degree  of  specialization  from  the  point  of  view  of  technological  in- 
novation, are  highly  important  questions  which  are  still  not  very  well  understood 
Specialist  producers  tend  to  be  very  good  at  improving,  refining  and  modifying 
their  specialized  product.  They  tend  not  to  be  very  good  at  devising  the  new  in- 
novation which  may  constitute  the  eventual  successor  to  their  product.  They  tend 
in  other  words,  to  work  within  an  established  regime,  but  they  do  not  usually  mai- 
the  innovations  which  establish  a new  regime.  Thus,  the  horse-and-buggy  makers 
did  not  contribute  significantly  to  the  development  of  the  automobile;  the  steam 
locomotive  makers  played  no  role  in  the  Introduction  of  the  diesel,  and  indeed 
expressed  a total  disinterest,  until  it  was  finally  entrcpreneured  by  General 
Motors;  and  the  makers  of  piston  engines  did  not  play  a prominent  role,  in  Engla' 
Germany  or  the  United  States  in  the  development  and  introduction  of  the  jet  engi' 

-continued- 
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capaclcy  of  the  airplane  depends,  first  of  all  on  the  capacity  of  the  engines. 
As  engine  performance  Is  Improved,  exploitation  of  the  potential  requires  re- 
design or  modification  of  the  airframe.  The  simplest  response,  as  Improved 
engines  become  available.  Is  merely  to  stretch  the  fuselages  and  add  more  seats 
Indeed,  as  this  phenomenon  came  to  be  better  understood,  most  airplanes  were  de 
llberately  designed  In  order  to  facilitate  subsequent  stretching.  Although  air- 
plane designers  at  any  time  design  to  conform  to  the  capacity  of  the  engines,  i 
Is  generally  understood  that  improved  and  Increased  performance  engines  will  be 
coming  along  within  the  lifetime  of  the  model,  and  it  Is  important  to  be  in  a 
position  to  exploit  them.  Since  designers  expect  these  future  engine  improve- 
ments (as  well  as  other  complementary  technological  Improvements),  they  con- 
sciously attempt  to  design  flexibility  Into  the  airplane.  This  a,.?lies  especia. 
ly  to  the  design  of  the  fuselage  in  such  a way  as  to  facilitate  later  stretchir 
Such  stretching  has  constitute  an  important  part  of  the  productivity  Improvemer. 
which  has  been  characteristic  of  the  beta  phase.  Stretching  may,  Indeed,  be 
thought  of  as  the  process  by  which,  as  a result  of  accumulated  knowledge  and 
improved  engine  capabilities,  the  payload  possibilities  of  a new  airplane  desig- 
are  expanded  to  their  fullest  limits.  Clearly,  this  Is  an  economic  as  well  as 
a technological  phenomenon.  When  as  original  design  Is  modified  through  Che 
stretching  process  it  Is  usually  dictated  by  the  growth  of  passenger  demand  or 
new  route  opportunities. 


(continued) 

The  severely  circumscribed  technological  horizons  of  specialized  producers — Co 
some  extent  an  inevitable  "occupational  hazard" — nay  help  to  account  for  what  c 
recent  book  on  the  aircraft  industry  describes  as  "...an  apparent  proclivity  or 
Che  part  of  once  successful  manufacturers  to  remain  coo  long  with  Che  basic  tec 
nology  of  their  original  - ccess."  Phillips,  (1971)  , p.  91.  The  poi 

Is  that  intimate  familiarity  with  an  existing  technology  creates  a strong  dis- 
position to  work  within  Chat  technology,  and  to  make  further  modifications  leac 
ing  to  its  improvement  and  not  to  Its  displacement.  Scribes  may  be  expected  t: 
Invent  forms  of  shorthand,  but  not  typewriters.  However,  if  Improved  ones  sho- 
up  they  will  be  adopted. 
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The  sources  of  this  impressive  record  of  inter-  and  intra-generational 
technical  progress  are  numerous.  Belov,  ve  argue  that  aircraft  have  benefitted 
from  technical  developments  outside  of  the  industry  itself  to  an  extent  greater 
than  almost  any  ocher  major  manufacturing  industry.  Advances  in  metallurgy 
underpinned  the  development  of  the  monocoque  airframe  in  the  1930' s,  while  im- 
provements in  fuels,  the  results  of  research  sponsored  by  automotive  and  petro- 
leum firms,  aided  in  the  propulsion  of  these  new  designs.  In  Che  postwar  peric 
metallic  and  nonmetallic  composite  substances  have  played  a central  role  in  im- 
provements in  both  the  airframe  and  the  engine;  again,  these  new  materials  have 
been  developed  largely  outside  of  the  commercial  aircraft  industry.  Advances  i 
electronics  also  have  been  of  great  importance.  The  additional  important  aspec 
of  technical  change  in  commercial  aircraft  is  the  role  of  government  in  procure 
ment  of  military  aircraft  and  in  the  support  of  research  for  both  militarj  and 
civilian  applications. 

IV.  The  Sources  of  Technical  Change 

The  commercial  aircraft  Industry  has  an  impressive  record  of  innovation, 
much  of  which  reflects  the  industry's  good  fortune  as  a beneficiary  of  at  least 
three  important  external  sources  of  innovation  and/or  research  support;  inno- 
vations in  other  industries,  such  as  metallurgy  or  electronics,  government- 
supported  research  in  civil  aviation,  and  military  procurement  and  research 
support.  The  number  and  complexity  of  the  systems  that  are  combined  in  a mod- 
em aircraft  design  are  partially  responsible  for  the  fact  that,  to  an  unusual 
extent,  the  aircraft  Industry  has  benefitted  from  Innovations  and  research 
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support  from  sources  outside  the  Industry.  The  characteristics  and  conse- 
quences of  government  policies  tovard  the  aircraft  industry,  including  pro- 
curement and  research  support,  are  discussed  in  greater  detail  in  the 
next  section.  Here,  we  shall  simply  document  and  discuss  the  extent  of  this 
Inflow  of  technical  change  from  external  sources.  Initially,  the  contribution 
of  other  industries  to  aircraft  industry  Innovation  is  discussed;  this  is  fol- 
lowed by  a consideration  of  the  Federal  role,  and  a discussion  of  the  sources 
and  categories  of  aeronautical  research  and  development  expenditures. 

Inter-industry  transfers  of  technology  are  widespread  in  advanced  indus- 
trial societies,  characterized  by  highly  sophisticated  patterns  of  specializati 
and  inter-industry  flows  of  components.  Any  purchaser  of  goods  from  a given  su 
pller  is  a potential  beneficiary  of  innovation  in  the  supplier  firm's  industry. 
This  pattern  of  transmission  is  especially  common  in  the  relationship  between 
manufacturing  firms  and  the  firms  supplying  them  with  capital  goods.  As  was 
noted  above,  the  large  number  of  widely  varied  components  utilized  in  an  air- 
craft has  placed  the  industry  in  a position  to  benefit  from  developments  in  oth 
industries.  Innovations  in  these  "supplier"  industries  occasionally  have  been 
motivated  by  an  awareness  of  their  potential  applications  in  aircraft — in  some 
cases.  Federal  funds  supported  research  in  these  supplier  industries,  bases  upr 
the  potential  usefulness  of  the  innovations  from  these  sector‘d  for  military  ai- 
craft.  The  important  point,  however,  is  that  the  commercial  aircraft  industry 
has  benefitted  from  innovations  produced  by  research  supported  by  ocher  indus- 
tries, which  themselves  were  highly  Innovative. 

Electronics 


Over  the  last  twenty-five  years,  the  commercial  aircraft  Industry  has 
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greacly  Increased  its  reliance  upon  electronics  technology,  particularly  lolld- 
state  semiconductor  circuitry.  The  Increasing  utilization  of  semiconductors 
was  spurred  by  the  requirements  of  strategic  missile  guidance  systems  in  the 
1930's.  Compared  to  vacuum  tubes,  solid-state  circuits  were  far  lighter,  more 
reliable  and  generated  less  heat.  The  increased  Importance  of  military  and 
space  projects,  many  of  which  were  carried  out  by  aircraft  firms,  blurred  the 
boundaries  between  the  electronics  and  aircraft  industries,  as  such  electronics 
firms  as  TRW  were  chosen  to  be  prime  contractors  on  major  missile  projects.  Th 
resulting  development  semiconductor  guidance  systems  produced  substantial  bene- 
fits for  commercial  aircraft.  Hovever,  the  origins  of  this  far-reaching  inno- 
vation were  remote  from  the  commercial  aircraft  industry,  stemming  from  Bell 
Telephone  Laboratories'  efforts  to  improve  long-distance  telephony. 

Exploitation  of  electronics  technologies  for  commercial  aircraft  aS 
rapid  during  the  1960 's  and  1970 's.  Air  traffic  control  equipment  had  to  be 
Improved  substantially,  to  meet  increasing  traffic  flows  of  larger  commercial 
aircraft.  Communications,  navigation,  instrumentation  test  equipment,  radar, 
and  other  systems  were  developed  by  the  electronics  industry  for  application  ir 
commercial  aircraft.  The  increasing  use  of  integrated  circuits  has  facilitate^ 
miniaturization  of  a wide  range  of  Instruments. 

Applications  of  new  electronics  technologies  in  other  industries  also  h.- 
benefitted  commercial  aircraft.  The  development  of  computers,  greatly  advance. 
by  semiconductors,  also  qas  yielded  major  spillovers  into  the  commercial  circr 
tor.  Air  traffic  control  and  reservations  computers  have  supported  the  expans 
of  commercial  air  transport.  On-board  minicomputers  have  improved  the  navigat 
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and  maneuvering  performance  of  conmiercial  aircraft.  In  the  development  and 
production  processes,  computers  also  play  an  Increasingly  Important  role. 
Computer-assisted  design  techniques  have  reduced,  if  not  eliminated,  the  great 
uncertainties  about  airframe  performance,  enabling  more  extensive  testing  to 
be  carried  on  outside  of  the  wide  tunnel.  Computers  also  are  being  applied 
to  the  control  of  machine  cools  In  the  fabrication  process,  substantially  Im- 
proving productivity. 

Matellurgy  and  Materials  Science 

At  least  since  the  introduction  of  monoccque  airframes  in  the  early 
1930's,  progress  in  commercial  aircraft  design  and  innovation  in  metallurgy 
have  been  tightly  linked.  With  the  advent  of  the  jet  engine,  metallurgy  as- 
sumed substantial  Importance  for  developments' in  the  powerplant,  as  well  as  the 
airframe.  Since  the  1940 's,  metallurgical  research  or.  the  behavior  of  metals  at 

high  temperatures  has  been  of  great  importance  to  the  development  of  turbine 

• 1 

blades.  Inlets,  outlets  and  compressors  for  turboprop  and  jet  engines.  As  the 
disastrous  experience  of  Rolls-Royce  in  the  development  of  engines  for  the  L-1011 
utilizing  a new  composite  material,  Hyfil,  demonstrates,  the  uncertainties  sur- 
rounding aspects  of  metallurgical  and  materials  development  have  Impacted  heavily 
upon  commercial  aircraft.  Metallurgy  remains  a discipline  in  which  a strong  the- 
oretical basis  for  predictions  about  performance  is  lacking:  experimentation 

and  uncertainty  remain  central.  In  addition,  the  utilization  and  performance  of 
materials  is  governed  by  their  behavior  in  use  over  a long  period  of  cine;  metal 

^Taylor  (1970)  notes  as  central  to  the  improved  performance  of  high  bypass- 
ratio  jet  engines,  "...the  fan,  cooled  turbine  blades  allowing  higher  turbine- 
inlet  temperature,  and  higher-pressure-ratio  compressors."  (p.  56).  Central 
to  all  of  these  improvements  were  improved  alloys. 
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faCigue  resaalna  poorly  understood,  and  very  difficult  to  teat  for  effectively. 

Major  sources  of  metallurgical  research  for  compterclal  aircraft  are 

firms  such  as  Alcoa,  which  developed  duralumin  under  military  contract  for  use 

in  navy  dirigibles;  duralumin  subsequently  was  employed  extensively  in 

monocoque  airframes.  More  recently.  General  Electric,  a major  producer  of 

steam  turblnei.  and  other  generation  equipment  requiring  advanced  alloys  for 

high-speed  operation,  became  Involved  in  metallurgical  researches  involving 

the  development  of  supercharged  aircraft  engines,  and  later.  Jet  engines.  As 

was  the  case  with  Alcoa,  military  support  of  General  Electric's  supercharger 

2 

materials  research  was  of  considerable  Importance.  Additional  indirect  Federal 
support  for  materials  research  was  channelled  through  the  Subcommittee  on  Heat- 
Resisting  Alloys  cf  the  National  Advisory  Committee  on  Aeronautics  (NACA) , formed 
in  1941. 


Government  support  of  commercial  aircraft  research'  the  role  cf  NACA 

The  commercial  aircraft  industry  is  unique  among  manufacturing  industries 
in  that  a governmental  research  organization,  the  National  Advisory  Committee  on 
Aeronautics  (NACA),  has  long  existed  to  serve  the  needs  of  aircraft  design.  Similar 
research  facilities,  support  by  both  government  and  industry  to  carry  out  research 
on  "generic"  technological  innovation,  have  been  advocated  recently  by  policymakers. 
The  argument  most  frequently  made  in  support  of  such  "cooperative"  research  estab- 
lishments states  that  individual  firms  within  a given  industry  face  insufficient 
incentives  and  real  disincentives  (the  free  rider  problem)  to  carrying  out  the  basic 


A recent  witness  testified  to  the  importance  of  such  uncertainties:  "Steiner 

pointed  out  that  'accelerated  aging*  tests  have  not  proved  accurate  in  the  past. 
He  cited  the  case  cf  certain  alloys  that  'aged  in  a most  peculiar  manner'  a few 
years  ago.  In  five  to  10  years,  these  alloys — utilized  on  the  Boeing  707  and 
other  transports — developed  inter-granular  corrosion,  requiring  expensive  in- 
spection procedures  and  replacements.  With  that  kind  of  history,  Steiner  said, 
"any  sound  manufacturer  or  financial  institution  would  have  reason  to  be  a little 
timid  about  locking  advanced  composites  into  a primary  structure  which  is  non- 
removable." (AW&ST,  September  12,  1977,  p.  35). 

2 

"In  this  country,  the  early  work  of  Sanford  Moss  on  the  gas  turbine,  starting  in 
1901  at  Cornell  University,  eventually  led  to  the  development  of  the  General 

(cont Inued) 
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research  necessary  to  support  Innovation.  MACA  la  widely  viewed  by  industry  and 
government  observers  as  a success  in  this  regard;  the  industry  to  which  it  was  dir- 
ected has  exhibited  impressive  innovative  performance.  Vith  these  concerns  as  back- 
ground, the  role  of  NACA  in  the  development  of  commercial  aircraft  is  worth  investi- 
gating. , 

World  War  I sparked  the  establishment  of  a number  of  bodies  intended 
to  bring  together  leading  academic,  business,  and  government  figures  in  an 
effort  to  analyze  important  problems  of  national  security,  frequently  in  the 
areas  of  industrial  mobilization,  research,  and  technology.  The  National  Re- 
search Counc.'*!  was  one  such  body;  the  National  Advisory  Committee  on  Aeronautics 
was  another,  more  firmly  under  government  controll  than  the  NRC.  Established 
in  1915,  NACA  \ as  intended  to  "investigate  the  scientific  problems  Involved  in 
flight  and  to  give  advice  to  the  military  air  services  and  other  aviation  ser- 
vices of  the  government.^  Despite  this  early  military-oriented  mandate,  NACA 
during  the  1920-35  period  did  not  deal  solely  with  military  aircraft  problems. 
Instead  working  on  general  problems  of  aerodynamics  and  aeronautics  common  to 
both  military  and  commercial  aircraft. 

Utilizing  large  experimental  facilities  at  Langley  Field,  Virginia,  and 
Moffett  Field,  California,  NACA  functioned  as  an  im- 
portant source  of  performance  and  other  test  data  in  aerodynamics.  The  Com- 
mittee pioneered  in  the  construction  and  use  of  large  wind  tunnels,  completing 


(continued) 

Electric  turbosupercharger.  This  device,  first  applied  to  aircraft  engines  by 
Rateau  in  France,  was  flown  before  the  end  of  World  War  I.  The  U.S.  Army's  in- 
terest resulted  in  Moss's  concentration  of  his  efforts  on  the  aircraft  super- 
charger in  the  oerlod  between  the  wars.  The  expense  was  borne  by  the  Army  from 
1919  to  1937.  It  was  the  proving  ground  in  this  country  for  Improved  high-tempera- 
ture metallurgical  development..."  (Badger,  1958,  p.  512). 

^Statement  of  Dr.  Joseph  Ames,  Hearings  of  the  President's  Aircraft  Board  1925,  Ames 
was  to  serve  as  NACA's  first  Chairman. 
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one  in  1927  large  enough  to  accoomodate  full-scale  alrfranes.  This  and  other 
facilities  provided  a steady  stream  of  test  results  that  led  to  significant 
Improvements  in  airframe  design.  The  famous  "NACA  cowl,"  intended  to  cut  down 
on  the  wind  resistance  of  radial  air-cooled  engines,  reduced  engine  drag  by 
nearly  75Z.  KACA  research  also  demonstrated  the  superior  performance  of  air- 
frames with  retractable  landing  gear,  and  yielded  improved  knowledge  regarding 
engine  positioning  in  the  aircraft  wing: 

By  a comprehensive  survey  of  the  net  efficiencies  of  various  engine 
nacelle  locations,  the  optimum  position  in  the  wing  was  found.  This 
h.A.C.A.  engine  location  principle,  together  with  other  refinements, 
had  a revolutionary  effect  on  military  and  commercial  aviation  the 
world  over.  It  changed  military  aviation  tactics,  made  long-range 
bombers  possible,  and  forced  the  development  of  higher  speed  pursuit 
planes.  In  the  commercial  field  it  permitted  the  speeding  up  of  cruis- 
ing schedules  on  the  air  lines  from  120  miles  per  hour  of  the  Fords  to 
the  180  miles  per  hour  of  the  new  Douglas  planes.  The  overnight  trans- 
continental run  became  possible  and  the  air  lines  vastly  increased  their 
appeal  to  the  public.  Even  in  the  midst  of  the  depression,  air  line 
traffic  boomed.  (Hunsaker,  1941,  p.  139) 

After  1935,  NACA  research  increasingly  was  designed  to  serve  military 
needs,  and  specific  development  projects  largely  crowded  out  the  earlier  activi- 
ties of  greater  benefit  to  commercial  aircraft.  Phillips  (1971)  noted  that  af- 
ter 1935,  NACA; 

...tended  to  shift  ...from  research  that  lacked  a specific  military  or 
coataercial  purpose  to  that  relating  to  specific  military  missions  and 
even  to  specific  military  aircraft.  This  changed  the  nature  of  the  air- 
craft industry's  reliance  on  exogenous  science  and  technology.  Prior  to 
this  time,  developments  in  both  military  and  commercial  aircraft  occurred 
from  technical  developments  achieved  with  neither  a specific  military  nor 
coBsaercial  purpose.  After  this,  technical  developments  more  often  had  a 
defined  military  purpose  and  new  t>pes  of  commercial  planes  more  often 
had  visible  antecedents  in  military  aircraft."  (p.  121) 

The  prewar  performance  of  NACA  was  achieved  at  a remarkably  low  cost,  even 
by  the  standards  of  the  time.  Total  appropriations  for  NACA  between  1925  and 
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1940  approximated  $25  million.  It  Is  crucial  to  note,  moreover,  that  KACA  car- 
ried out  very  little  research  during  this  period  that  could  be  described  as 
"basic"  in  nature.  Prior  to  1940,  the  Committee  functioned  primarily  to  pro- 
vide research  infrastructure  for  the  aircraft  industry,  making  available  as  Ic 
did  extensive  experimental  design  data  and  testing  facilities.  This  was  a very 
Important  contribution,  given  the  modest  research  resources  of  the  Industry 
prior  to  1940,  but  it  does  not  resemble  the  type  of  support  frequently  envisioned 
by  advocates  of  government-industry  research  cooperatives  (this  point  is  dis- 
cussed further  below).  Indeed,  one  recent  account  of  the  development  of  the 
jet  engine  has  characterized  the  United  States  prior  to  1940  as  a backwater  of 
theoretical  aerodynamic  research,  attributing  the  failure  of  American  engineers 
to  originate  the  concept  of  the  jet  to  such  weaknesses  in  the  theoretical  under- 
pinnings of  aeronautical  design  (Constant,  1980). 

Following  World  War  II,  during  which  NACA  work  was  exclusively  military 
in  character,  the  division  of  labor  in  aeronautical  research  appears  to  have 
changed  somewhat.  The  major  aircraft  producers  had  acquired  substantial  in- 
house  facilities  of  their  own^;  NACA's  infrastructure  was  less  critical.  Mili- 
tary support  of  research  and  development  occupied  a vastly  more  Important  role 
than  was  true  of  the  pre-1940  period.  NACA  declined  in  importance,  functicniag 
in  large  part  as  a sponsor  of  more  fundamental  aeronautical  research  in  the  academic 
sphere,  and  continuing  to  conduct  empirical  research  on  a scale  that  was  new 
dwarfed  by  military-supported  activities.  The  Committee  had  fulfilled  an  im- 
portant function,  however,  serving  to  provide  research  support  on  a scale  that 


Some  idea  of  the  growth  in  the  in-house  research  establishments  of  major  air- 
craft firms  during  World  War  II  is  conveyed  by  a comparison  of  data  on  these  firms 
contained  in  the  1940  and  1946  editions  of  the  National  Research  Council  Survey 
of  Industrial  Research.  The  in-house  professional  staff  at  Douglas  Aircraft 

(continued) 
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vould  tax  the  resources  of  the  commercial  aircraft  Industry  prior  to  1940. 
Military-sponsored  research 

The  final  major  area  of  external  support  for  commercial  aircraft  Inno- 
vation la  military-supported  research  and  procurement.  Research  supported  by 
the  armed  services  has  yielded  Indirect,  but  very  important.  Innovations!  spill- 
overs Into  the  commercial  aircraft  Industry,  most  Importantly  In  aircraft  engines. 
From  the  Pratt  and  Whitney  Wasp  of  1925  to  the  hlgh-bypass  ratio  engines  of  the 
1970's,  commercial  aircraft  engine  development  has  benefltted  from,  and  usually 
followed,  the  demands  of  military  procurement  and  military  support  of  research. 

In  the  lasnedlate  aftermath  of  World  War  I,  during  the  1919-26  period,  "Virtually 
every  cent  going  into  the  development  of  engines"  was  derived  from  "...direct 
payment  by  the  government  from  special  funds  allocated  to  research  and  develop- 
ment."^ More  recently,  of  course,  the  development  of  the  first  jet  engine  In 
the  U.S.  was  financed  entirely  by  the  military,  reflecting  both  the  perceived 
military  urgency  of  the  project,  and  the  lack  of  interest  in  development  of  such 
an  engine  expressed  by  commercial  firms  prior  to  1940: 

In  the  United  States  neither  Lockheed,  where  the  first  American  designs 
of  a turbojet  were  made,  nor  the  Northrop  airplane  company,  which  pro- 
posed in  1940  to  develop  a turbo-prop,  was  willing  to  do  any  actual  de- 
velopment at  its  own  expense,  only  the  preliminary  studies  being  financed 
in  this  way.  A year  or  two  before  this,  some  engineers  in  the  Turbosuper- 
charger  group  of  the  General  Electric  Company  had  proposed  the  development 
of  a turbojet  to  the  management  of  the  company,  but  the  proposal  had  been 
rejected.  (Schlaifer,  1950,  p.  88) 


(continued) 

grew  from  22  persons  in  1940  to  111  in  1946;  the  Glenn  Martin  Company  grew  from 
42  to  76  in  the  research  department;  Lockheed  grew  from  10  to  314;  Consolidated 
Vultee  went  from  12  to  195;  United  Aircraft  (including  Tratt  and  Whitney, 

Hamilton  Standard,  and  Sikorsky)  grew  from  80  in  1940  to  732  by  1946;  and  Curtiss- 
Wrlght  went  from  14  in  1940  to  159  in  1946,  In  view  of  the  fact  that  1940  was  a 
boon  year  for  the  industry,  due  to  rapidly  increasing  foreign  and  domestic  mili- 
tary orders,  these  figures  are  all  the  more  impressive. 

^Schlaifer  (1950),  p.  160. 
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Mllltary-supported  research  into  powerplancs  for  the  giant  C-5A  transport  led 

to  the  development  of  the  high-bypass  ratio  engines  that  now  pover  the  vldebodr 

cocnerclal  transports.^  SSZ  of  the  R&D  costs  for  these  turbofan  engines  mb 

contributed  by  the  Defense  Department,  while  the  FAA  and  NASA  accounted  for 

2 

roughly  13Z;  Industry  expenditures  were  32Z  of  the  total. 

Direct  military  research  support  has  been  most  important  In  the  propul- 
sion area.  However,  the  development  of  comercial  aircraft  has  also  benefit  ted 
substantially  from  military  support  of  airframe  development  and  production  for 
purely  military  purposes.  Such  spillovers  became  important  only  after  World 
War  I,  In  contrast  to  the  situation  for  aircraft  engines.  With  the  advent  of  jet 
aircraft,  however,  airframe  makers  often  were  able  to  apply  knowledge  gained  In 
military  projects  to  commercial  aircraft  design,  tooling,  or  production.  In  aany 
cases,  similarities  in  airframe  design  were  sufficiently  pronounced  that  develop- 
ment and  tooling  costs  for  cocaaerclal  airframes  were  reduced  substantially.  An 
example  of  this  is  the  Boeing  707.  Boeing  had  developed  a jet  tanker  to  provide 
in-flight  refueling  for  the  strategic  bombers,  the  B-47  and  B-52,  that  the  flm 
previously  had  sold  to  the  Air  Force.  Over  1,000  of  the  tankers,  the  KC-135, 
eventually  were  sold  to  the  Air  Force.  The  707  airframe  design  followed  Chat  cf 
the  KC-135  quite  closely,  so  closely,  in  fact,  that  the  first  prototype  707  tc  be 
"rolled  out"  of  the  Seattle  factory  did  not  have  windows  in  the  fuselage.  A ccmp. 
son  of  the  costs  Incurred  by  Douglas  in  the  development  of  the  DC-8  with  those  d 

^"as  often  happens  the  airbus  is  the  result  of  a technological  advance  chat  was 
brought  about  by  unrelated  events — in  this  case,  the  U.S.  Air  Force's  request 
to  the  Industry  in  1964  for  engines  with  double  or  triple  the  thrust  of  existing 
power  plants.  The  Air  Force  required  engines  for  a huge  new  military  transport 
that  eventually  became  known  as  Che  Lockheed  C-5A."  ("why  Boeing  Is  Hissing  the 
Bus,"  John  Mecklin,  Fortune,  June  1,  1968,  p.  82). 

^DOT-'JASA  study,  p.  A(9) 
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707  gives  a rough  idea  of  Che  financial  benefits  Chat  accrued  Co  Boeing: 

Douglas  lose  $109  million  in  Che  evo  years  1959  and  1960,  having 
vrlccen  off  $296  million  for  development  costs  and  production  losses 
up  to  the  end  of  1960.  Boeing  did  not  suffer  so  badly.  They  wrote 
off  $165  million  on  the  707  by  then;  some  of  the  development  cost  may 
have  been  carried  by  the  tanker  program,  which  also  provided  a few 
of  the  tools  on  which  the  airliner  was  built.  (Miller  and  Sawers, 

1968,  PP-  193-194). 

The  closer  is  the  similarity  between  military  and  commercial  designs, 
the  greater  will  be  such  external  benefits  reaped  by  the  contractor.  Dynamic 
spillover  effects  also  are  of  importance;  development  or  procurement  contracts 
may  serve  to  support  the  acquisition  by  a producer  of  new  design  or  production 
skills.  As  was  mentioned  above,  military  contractors  have  occasionally  chosen 
to  produce  specific  component  in-house,  rather  chan  subcontracting  its  manu- 
facture, in  order  to  acquire  expertise  in  the  area  (this  was  especially  true 
of  the  airframe  producers  and  electronics  components  in  the  1950' s and  1960 ’s), 
at  government  expense.^  In  certain  cases,  the  costs  of  tooling  for  production 


..the  decision  taken  in  a small  but  significant  proportion  of  such  cases  has 
been  to  make,  rather  than  to  buy.  This  tendency  has  been  especially  prevalent 
in  the  aircraft  industry  and  other  sectors  of  the  weapons  industry  severely  af- 
fected by  technological  change.  Faced  with  serious  declines  in  their  regular 
business  of  fabricating  and  assembling  airframes,  most  of  the  major  U.S.  air- 
craft companies  decided  to  build  up  capabilities  in  new  fields  of  weapons  tech- 
nology, especially  in  electronics.  They  assembled  nuclei  of  engineers  and 
scientists  in  the  fields  to  be  entered.  Ac  the  outset,  however,  these  groups 
had  neither  the  breadth  nor  depth  of  experience  available  in  firms  already  woit- 
ing  in  the  particular  technology.  Only  with  actual  experience  in  research,  de- 
velopment, and  production  could  the  companies  establisn  capabilities  equal  to 
Chose  already  in  existence.  One  way  to  accuire  such  experience  was  for  a prime 
contractor  to  'make*  the  components  and  subsystems  which  otherwise  would  be 
'bought'  from  established  firms. 

The  work  done  by  these  inexperienced  In-house  groups  was  often  more  ex- 
pensive than  it  would  have  been  if  subcontracted  to  experienced  companies.  Uith 
cost  reimbursement  contracts,  these  extra  costs  were  paid  by  the  government." 
Peck  and  Scherer,  (1962),  p.  388. 
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of  a commercial  airframe  may  be  partially  borne  by  a government  procurement 
contract,  as  in  the  case  of  the  707  and  the  KC-13S.  In  addition,  some  of  the 
"learning  by  doing"  that  takes  place  in  production  of  a military  airframe  nay 
be  transferrable  to  commercial  production. 

In  order  to  convey  some  sense  of  the  importance  of  external  sources  of 
innovation  in  the  commercial  aircraft  Industry,  one  need  only  consider  the  epoch- 
al DC-3.  As  was  noted  above,  the  DC-3  represented  a productivity  improvement 
not  equalled  until  the  introduction  of  wldebody  transports  35  years  later.  The 

j* 

aircraft's  low  operating  costs  were  due  in  large  part  to  its  radial  air-colled 
engines,  rated  at  nearly  1,000  horsepower.  Miller  and  Sawers  noted  that  "The 
most  striking  feature  of  the  progress  of  the  decade  of  the  1930s  was  that  more 
power  was  obtained  from  engines  of  the  same  size."  (p.  94)  In  the  case  of  the 
DC-3,  the  low  weight-to-power  ratio  of  its  engines  enabled  transport  of  a larger 

number  of  passengers  for  a given  horsepower  rating  than  previously  had  been  pos- 

* 

sible.  The  improvements  in  engine  design  referred  to  by  Miller  and  Sawers  were 
the  result  of  government-sponsored  research,  as  well  as  improvements  in  fuel, 
notably  the  addition  of  tetraethyl  lead  to  aviation  gasoline  as  a result  of  re- 
search sponsored  by  DuPont,  General  Motors,  NACA,  and  the  National  Bureau  of 
Standards. 

The  DC-3  airframe  design  incorporated  numerous  results  of  NACA  research, 
including  the  cowling  on  the  engines  and  the  placement  of  the  engines  in  the 
leading  edge  of  the  wing,  as  well  as  the  retractable  landing  gear.  The  wing 
design  itself  Incorporated  several  important  NACA  developments,  as  Phillips 
points  out: 
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...the  wings  of  the  DC-3,  as  veil  as  those  of  the  other  planes  of  Its 
generation,  owe  their  origin  to  NACA  and  other  non-consnerclal  or  non- 
Unlted  States  research.  In  particular,  the  DC-1  had  a NACA  2215  wing 
section  at  the  root — with  fillets  Into  the  fuselage  which  were  the  re- 
sults of  NACA  research — and  a NACA  2209  section  at  the  tip.  (p.  117) 

The  monocoque  airframe  of  the  DC-3  was  ma.ic  'osslble  only  by  the  development 

by  Alcoa  of  the  new  duralumin  alloy.  Th’.s,  wi-lle  the  design  and  development 

work  that  combined  these  components  successfully  into  the  design  of  the  DC-3 

was  brilliant,  the  original  research  underlying  the  perfection  of  many  of  the 

crucial  components  had  been  performed  or  funded  by  Institutions  outside  of  the 

aircraft  industry. 

Industry  R&D  expenditures,  1945-69 

An  examination  of  the  sources  and  expenditure  categories  of  research 
within  the  overall  aircraft  industry  (including  noth  military  and  commercial 
aircraft  producers)  will  serve  to  illustrate  more  precisely  the  character  of 
research  support  and  activities  within  the  industry.  A useful  summary  of  RiD 
data  for  the  postwar  industry  is  contained  in  the  study  conducted  by  Booz,  Alle 
and  Hamilton  for  the  Department  of  Transportation  - NASA  study  of  RSD  policy  fo 
civilian  aviation.  Table  11  contains  comprehensive  data  on  the  sources  of  re- 
search funds  for  fiscal  years  1945-69.  Total  R&D  expenditures  rose  by  nearly 
7002  during  this  period,  from  $365  million  in  1945  to  roughly  $2.8  billion  in 
fiscal  1969.  The  most  rapid  period  of  growth  was  in  the  1950-54  period,  re- 
flecting the  substantial  infusion  of  military  funds  during  the  Korean  War; 
from  nearly  $600  million  in  fiscal  1950,  R&D  expenditures  rose  to  more  than 
$2  billion  in  1954.  782  of  this  increase  was  accounted  for  by  increases  in 

military-supported  R&D.  Throughout  this  period,  even  in  the  lace  1960*s,  the 
defense  portion  of  total  R&D  expenditures  never  fell  below  652. 
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Sourccs  of  Aeronautical  R&D  Funds 
Annual  Expenditures  in  Millions  of  Dollars 


TABLE  11 

* BcicitiltanJ  itnl  fun,-*,  ic  Mibjiicd  *■>  t'>J  ;ovfrmiit  il  '>!«j  tli  t^CJ  pn 

procuicmcnt  confjcti. 


Source:  DOT-K\SA,  0£.  clt..  Table  C-13 
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Examlnlng  the  major  sources  of  non-military  research  funding,  the  de- 
clining role  of  NACA  support  through  the  1950 's  stands  out  clearly;  from  parity 
with  industry  expenditures  (which  appear  as  the  "industry  non-reimbursed"  cat- 
egory) in  the  late  1940 's,  the  HACA  portion  of  nonmilitary  research  support 
had  dropped  to  less  than  lOZ  in  fiscal  1958,  immediately  prior  to  Sputnik  and 
the  reorganization  of  NACA  into  NASA.  Expenditures  by  the  Atomic  Energy  Com- 
mission supported  research  on  nuclear  propulsion  of  aircraft  and  space  vehicles, 
while  the  Federal  Aviation  Administration  supported  work  on  avionics  and  (dur- 
ing the  1960 's)  engine  development. 

The  industry  contribution  to  R&D  remains  strikingly  small  in  the  late 
1960's,  despite  a rapid  rate  of  growth.  "Non-reimbursed  expenditures"  never 
accounted  for  more  than  25%  of  total  R&D  spending,  and  were  below  20%  of  the 
total  for  most  of  the  1945-69  period.  However,  industry  expenditures  accounted 
for  an  Increasing  share  of  non-military  research  expenditures  during  this  per- 
iod, reflecting  the  growth  of  large  in-house  research  establishments  and  soar- 
ing development  costs  for  commercial  aircraft.  From  42%  of  non-defense  R&D 
spending  in  fiscal  1946,  the  industry  share  rose  to  nearly  64%  by  fiscal  1969. 
Military-civilian  research  projects,  was  the  primary  form  that  government  re- 
search support  took  during  the  postwar  period. 

Table  12  contains  information  from  the  DoT-NASA  study  on  the  types  of 
research  conducted  by  producers,  breaking  research  activities  into  "basic  re- 
search," "applied  research,"  and  "development"  categories.^  Perhaps  the  most 

^The  DoT-NASA  study  offers  the  following  definitions  of  research  categories; 

"Basic  research  is  concerned  with  exploration  of  the  unknown.  It  is 
undertaken  to  increase  the  understanding  of  natural  laws  and  is  free  from  the 
need  to  meet  immediate  objectives. 

"Applied  research  is  directed  to  the  solution  of  a recognized  problem. 

It  differs  from  basic  research  in  chat  it  is  pointed  coward  practical  applicatic 

(continued) 


Source:  DOT-NASA,  o£.  clt. , Tabic  C-15. 
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TABLE  12  continued 

Dis*ribution  of  Source  of  Funds  by  Type  of  Aeronautical  R^D 
Annual  Fxpcndilurcs  in  Millions  of  Dollars 
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TABLE  13 


Aeronautical  U&D  Funds  Used  by  Industry, 
Classified  by  Aircraft  Component 
Annual  Expenditures  in  Millions  of  Dollars 
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Source:  DoT-NASA,  0£.  clt. . Tnble  C-21 


r 


-54- 


■trlklng  finding  is  the  small  portion  of  total  Industry  research  (both  private- 
ly and  publicly  funded)  that  goes  to  basic  research;  the  basic  research  share 
of  total  R&D  expenditures  is  below  lOZ  throughout  the  1945-69  period,  and  the 
industry  non-relmbursed  share  of  this  small  fraction  is  below  20Z.  Public 
sources,  primarily  the  Air  Force,  Navy,  and  NASA  (in  the  1960's)  supported  most 
of  what  basic  research  was  carried  on  in  the  aircraft  industry.  Applied  re- 
search expenditures  account  for  a much  greater  share  of  the  total;  the  non- 
reimbursed Industry  share  of  this  in  1969  was  34%,  substantially  above  the 
Industry  share  of  basic  research.  Once  again,  the  direct  military  share  and 
industry-reimbursed  share  account  for  the  majority  of  this  class  of  expenditures. 
Development  expenditures  account  for  the  largest  share  by  far  of  total  R&D  ex- 
penditures throughout  the  period,  never  falling  below  60%  of  the  total.  The 
military  share  of  this  category  is  once  again  the  largest,  with  the  Air  Force 

share  alone  of  development  costs  above  50%  through  the  1953-66  period.  Develop- 

% 

ment  expenditures  comprise  over  70%  of  total  Air  Force  research  support  during 
the  entire  1945-69  period.  The  share  of  development  costs  accounted  for  by  Industry 
non-relmbursed  expenditures  during  this  period  never  exceeds  15%. 

The  relative  shares  of  three  major  aircraft  components  in  total  research 
spending,  avionics,  airframes,  and  engines,  are  given  in  Table  13.  While  Air- 
frames comprise  the  largest  share  of  total  aeronautical  R&D,  40-45%,  the  avionics 

(continued) 

rather  than  toward  investigation  for  its  own  sake. 

"Development  is  the  systematic  use  of  knowledge  and  understanding  gained 
from  research  and  directed  to  the  production  of  useful  materials,  devices,  sys- 
tems, and  methods.  This  work  includes  the  design,  testing,  and  improvement  of 
prototypes  and  processes."  Vol.  2,  Appendix  c,  p.  49. 
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•hare  exceeds  thac  for  engines  throughout  the  postwar  period.  The  categories 
of  private  industry  research  expenditures  are  given  in  Table  14;  unfortunately 
the  data  do  not  distinguish  between  reiobursed  and  non-relnbursed  R&D  spending 
by  category.  Nonetheless,  the  relative  magnitudes  of  the  various  categories 
are  of  considerable  interest.  These  relative  shares  have  remained  remarkably 
stable  through  the  postwar  period,  with  prototype  development  in  first  place 
followed  in  descending  order  by  avionics,  propulsion,  and  aerodynamics.  These 
data  reveal  that  the  majority  of  R&D  is  expended  upon  the  integration  of  these 
complex  components,  rather  than  their  separate  development,  underlining  the  point 
made  earlier  about  the  high  degree  of  systemic  complexity  embodied  in  an  aircraft 
design. 

V.  The  Demand  for  Innovation:  the  Influence  of  government 

The  preceding  section  documented  the  substantial  research  support  that 
the  aircraft  industry  has  received  from  the  Federal  government  during  the  1925- 
75  period.  Since  most  of  this  research  was  directed  to  the  development  of  mili- 
tary aircraft,  especially  since  1940,  we  argued  that  the  history  of  technical  de- 
velopment in  commercial  aircraft  consists  largely  of  the  utilization  for  commer- 
cial purposes  of  technical  knowledge  developed  for  military  purposes,  at  govern- 
ment expense.  Government  intervention  and  support  to  enhance  the  "supply"  of 
potential  innovations  thus  has  been  substantial.  This  "supply  side"  influence 
within  the  commercial  aircraft  industry  of  government  has  been  Joined  with  a sub- 
atantlal  number  of  important  innovations  emerging  from  other  industries  for  ex- 
ploitation by  commercial  aircraft  producers. 


TABLE  14 


Industrial  Aeronautical  R*iD  Funds,  ♦ Annual 
Expenditures  in  Millions  of  Dollars 
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Source;  DOT-NASA,  c It . , tnblc  C-9. 

ArPnOXlMATCty  one  .half  of  THLOC  RF-D  funds  arc  rnOVIOr-D  TO  II.DUGTRY  TS  ALLOWADLF. 
OVERHEAD  EXPENSES  ON  GOVERNMENT  PROCUREMENT  CONTRACTS. 
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However,  government  pollclee  have  alao  played  an  important  rola  in  affect- 
ing the  demand  for  innovation  by  the  commercial  aircraft  industry.  Consciously 
or  not,  the  policies  of  the  Fost  Office  in  the  1929-34  period,  and  Chose  of  the 
Civil  Aeronautics  Board  during  1938-7B,  Influenced  the  structure  and  conduct  of 
the  air  transportation  industry  so  as  to  provide  substantial  Incentives  for  ra- 
pid adoption  of  innovations  in  commercial  aircraft.  Government  policy  toward 
the  commercial  aircraft  industry  is  unique,  we  believe,  in  its  Impact  upon  the 
supply  of  technical  knowledge  as  well  as  upon  the  demand  for  application  of  this 
knowledge  in  innovation  within  the  civilian  sector.  In  this  section,  government 
policies  toward  air  transportation  are  discussed  briefly  to  substantiate  this 
assertion. 

The  transfer  of  responsibility  for  air  mail  transport  from  the  Fost  Office 
to  private  contractors  took  place  in  1925,  following  passage  of  the  Kelly  Air 
Mail  Act.  Bids  were  opened  to  private  contractors  on  various  mail  routes;  suc- 
cessful bidders  were  to  be  paid  on  a weight  basis.  During  the  ensuing  five  years, 
airmail  postal  rates  were  reduced  by  Congress,  creating  a substantial  increase 
in  air  mail  volume,  while  payments  to  operators  remained  at  their  previous  levels. 
The  result  was  an  Increase  in  contractor  profits.  Smith  (1944)  states  that  "com- 
pensation to  carriers  rose  from  22.6  cents  an  airplane  mile  prior  to  July  1,  1926, 
to  73.6  cents  a mile  for  the  second  half  of  1927... by  the  end  of  1928,  however, 
payments  were  up  to  92  cents  a mile,  and  by  the  end  of  1929  the  government  was 
paying  the  operators  $1.09  a mile  for  carrying  the  mall."  (p.  125).  This  period 
of  initial  prosperity  for  the  mall  contractors,  many  of  whom  were  subsidiaries  of 
commercial  aircraft  producers, was  based  largely  upon  mall  transport.  Such  air- 
craft as  Che  Boeing  40  were  designed  primarily  for  mall,  rather  than  passenger. 
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transport. 

The  McNary-Uatrps  Act  of  1930|  and  Ita  administration  by  Postmaster 
General  Brown  during  the  Hoover  Administration,  constituted  a policy  of  de- 
veloping a smaller  number  of  large  trunk  carriers,  who  would  derive  a far 
greater  proportion  of  their  revenues  from  passenger  trensport  than  had  here- 
tofore been  the  case.  The  Act  changed  the  method  of  computation  of  payments 
for  mall  carriage  from  a pound-mile  basis  to  a space-mile  basis,  l.e.,  payment 
was  made  whether  or  not  mall  was  carried  in  an  aircraft.  In  addition,  extra  pay- 
ments were  made  to  carriers  utilizing  multiengine  aircraft,  radio  and  other  naviga- 
tional aids.  The  final  major  section  of  the  McNary-Watres  Act  was  to  be  Its  undoing 
as  it  conferred  substantial  discretionary  powers  upon  the  Postmaster  General  to 
alter  or  merge  carriers  of  their  routes  when  "...in  his  Judgement  the  public  In- 
terest will  be  promoted  thereby."  Brown  exploited  his  power  to  restructure  air 
carriers  to  the  fullest,  bringing  about  a merger  of  Transcontinental  Air  Transport 
and  Western  Air  Express  into  TWA,  and  working  to  develop  a small  number  of  fin- 
ancially strong,  transcontinental  carriers,  who  would  constitute  a strong  market 
for  larger,  more  comfortable  passenger  transports.^  While  Brown's  goals  were 


Testifying  in  1934  before  Sen.  Hugo  Black's  Special  Committee  on  Investigation 
of  Air  Mall  and  Ocean  Mail  Contracts,  Brown  interpreted  his  activities  in  the 
following  favorable  light: 

"With  the  passage  of  the  McNary-Watres  Act  giving  the  Post  Office  Department  the 
requisite  authority,  it  exerted  pressure  on  the  air  mall  carriers,  who  with  minor 
exceptions  had  theretofore  been  confining  their  operations  exclusively  to  carrying 
the  mail,  to  transport  passengers  and  express  in  order  to  build  up  revenues  from  th' 
public  and  thus  lighten  the  burden  on  th^P^st  Office  Department;  and  it  exerted 
every  proper  influence  to  consolidated  /fei£/  the  short,  detached  and  failing  lines 
into  well  financed  and  well-managed  systems,  providing  three  independent  transcon- 
tinental operations  with  appropriate  north  and  south  intersecting  services,  be- 
lieving that  the  pressure  of  competition  would  in  time  attract  public  patronage, 
reduce  operating  costs  and  develop,  if  possible,  a transport  airplane  capable,  un- 
der the  competitive  conditions  in  the  passenger  and  express  transportation  Industry 
of  earning  enough  to  pay  its  way  without  any  subsidy."  (Hearings,  p.  2351) 
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parClally  achieved,  his  tactics  produced  a furor  that  resulted  In  the  Air  Hall 
Act  of  1934,  mandating  divestiture  by  aircraft  producers  of  subsidiary  transport 
firms,  and  placing  the  award  of  mall  contracts  on  a per-ounce  basis,  to  be  award- 
ed strictly  to  the  lowest  blder.  While  It  represented  an  Inefficient  mechanism, 
and  Brown's  administration  of  the  Act  led  to  Its  demise,  this  set  of  policies 
toward  air  carriers  coincided  with  rapid  growth  In  passenger  traffic  and  the  In- 
troduction of  the  monocoque  fuselage  alrtransports,  the  B-247  and  the  DC-2,  which 
were  of  great  Importance  In  the  development  of  the  commercial  aircraft  and  air 
transportation  industries. 

Continued  Congressional  dissatisfaction  with  passenger  safety  and  regulatory 
policy  In  general  within  air  transportation  led  to  the  establishment  of  the  Civil 
Aeronautics  Board  in  1938.  Through  I'.s  issuance  of  operating  certificates  and  its 
oversight  of  airline  fares,  the  Board  effectively  controlled  pricing  policies  of 
airlines,  as  well  as  entry  into  or  exit  from  air  transportation.  These  powers 
were  used  throughout  the  postwar  period  to  prevent  entry  Into  scheduled  trunkline 
air  transportation  and  to  prevent  price  competition.  The  CAB  also  controlled  the 
process  that  determined  the  routes  that  specific  airlines  could  fly — in  general, 
multiple  carriers  were  allowed  to  operate  In  "major"  city-pair  markets  (such  as 
New  York  to  Los  Angeles,  or  New  York-Chlcago) , while  less  important  routes  often 
were  allowed  to  be  monopolized  by  a single  carrier. 

This  regulatory  environment.  In  wh^ch  entry  and  price  competition  were  for- 
bidden and  multiple  carriers  operated  in  the  more  profitable  market  segments,  gave 
rise  to  a high  level  of  service  quality  competition.  One  result  of  this  was  a very 
rapid  rate  of  adoption  of  new  aircraft  designs  by  the  major  carriers,  based  upon 
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their  belief  that  rapid  Introduction  of  state-of-the-art  aircraft  was  an  ef- 
fective marketing  strategy  where  price  competition  was  not  possible.  Jordan's 
study  (1970)  compares  California's  Intrastate  air  carriers  (not  regulated  by  the 
CAB,  and  subject  to  price  competition  as  well  as  easier  entry)  with  the  Inter- 
state carriers  In  the  rapidity  of  adoption  of  cabin  pressurization  and  Jet  air- 
craft: 


The  trunk  carriers  were  consistently  the  first  to  Introduce  each  inno- 
vation. In  fact,  they  Introduced  all  but  two  of  the  over  40  aircraft 
types  operated  by  all  three  carrier  groups  between  1946  and  1965.  In 
addition,  they  adopted  these  Innovations  rapidly  and  extensively.  The 
local  carriers,  on  the  other  hand,  were  slow  to  introduce  the  two  In- 
novations and  their  rates  of  adoption  were  low.  (p.  53)^ 

The  drive  to  be  first  with  a new  aircraft  design  Is  one  of  the  central  motives 
for  the  willingness  of  major  airlines  to  make  early  purchase  commitments  to  air- 
frame manufacturers,  as  a means  of  achieving  as  early  a delivery  as  possible. 
Service  quality  competition  thus  has  fostered  rapid  diffusion  and  adoption  of 
innovations  drawing  upon  government-supported  research,  as  well  as  supporting 
fierce  competition  among  airframe  manufacturers.  Fruhan  (1972)  also  has  argued 
that  the  lack  of  price  competition  under  CAB  regulation  was  partially  responsible 
for  the  wide  fluctuations  in  airline  purchases  of  aircraft,  as  airlines  attempted 


Jordan  concludes  that  "The  California  Intrastate  carriers'  service  quality  ac- 
tually appears  to  have  been  affected  less  by  carrier  rivalry  than  by  the  desire 
or  need  of  these  carriers  to  achieve  low  operating  costs.  The  intrastate  carriers 
contented  themselves  with  obsolescent  DC-3's  and  DC-4's,  or  the  nonpressur iced 
Martin  202,  until  the  prices  of  used, pressurized  piston-powered  aircraft  fell 
drastically  in  the  early  1960's.  In  contrast,  the  turboprop  Electra  was  adopted 
by  PSA  soon  after  it  beceme  available,  but  this  was  a case  in  which  low  operating 
costs  per  seat-mile  offset  a high  purchase  price.  On  the  other  hand,  turbojet-fan 
aircraft  were  not  adopted  until  a medium-range  turbo-fan  aircraft  was  developed 
that  had  relatively  low  operating  costs  for  short  stage  lengths."  (p.  55) 
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to  provide  sufficient  carrying  capacity  to  oalntaln  higher  load  factors  In  a 
given  city-pair  markets.^  Purchases  by  one  carrier  were  matched  by  a competitor, 
resulting  In  recurrent  binges  of  new  equipment  purchases,  such  as  that  in  Che 
early  1970's,  Chat  left  airlines  burdened  with  heavy  debts,  and  excess  carrying 
capacity. 

CAB  regulation  thus  has  encouraged  a rapid  pace  of  Innovation  and  adoption 
within  the  commercial  aircraft  and  air  transportation  industries.  This  rapid 
rate  of  innovation  and  the  associated  impressive  productivity  growth  exhibited 
by  air  transportation  have  come  at  some  cost,  however.  Consumer  welfare  has 
been  impaired  by  the  lack  of  variety  in  service  quality  and  price.  The  result  of 
government  regulation  has  been  to  restrict  the  range  within  which  consumers  have 
been  free  to  trade  off  price  against  ^quality.  A pattern  of  producer  compe- 
tition and  competitive  airline  investment  practices  resulted  that  could  be 

described  as  inefficient.  In  addition,  the  direction  of  innovation  may  have  been 

% 

affected  by  this  regimen  of  regulation  and  service  quality  competition.  As  was 
noted  above,  the  innovation  process  within  the  commercial  aircraft  Industry  his- 
torically has  Involved  substantial  financial  and  design  participation  by  major  air 
lines  in  new  aircraft  development.  The  preservation  by  CAB  regulation  of  the  dom- 
inance of  a small  number  of  transcontinental  trunk  carriers,  generally  the  most 
•profitable  form  of  service,  made  this  the  major  market  for  new  aircraft  during 
the  postwar  period  of  regulation.  Given  the  sensitivity  of  the  design  and  develop 
ment  processes  to  the  desires  of  the  financially  strong  airlines,  the  result  has 
been  a bias  in  the  direction  of  innovation,  noted  by  Ca''es  (1962): 


■^Is  apparently  counterintuitive  strategy  derives  from  the  fact  that,  within  a 
middle  range  of  capacity  share  on  a given  route  (roughly  20-70/J) , load  factors 
and  capacity  Increases  are  positively  correlated  for  a given  carrier.  Airlines 
competing  in  a given  city-pair  market  thus  face  strong  incentives  to  match  one 
another's  purchases  of  new  equipment.  See  Fruhan,  1972,  Chapter  5. 
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A very  Important  problem  not  eliminated  by  the  increasing  number  of  com- 
peting aircraft  manufacturers  is  that  of  optimal  variety  in  types  of  air- 
craft offered  on  the  market.  In  Che  decade  when  plston-engina  aircraft 
reached  their  peak  of  development,  ending  in  the  early  19S0s,  the  duopolistic 
rivalry  between  Douglas  and  Lockheed  led  them  Co  concentrate  on  development 
of  an  aircraft  chat  would  capture  Che  largest  single  market — that  of  airlines 
flying  United  States  transcontinental  or  trans-Atlantic  routes.  Relatively 
forgotten  were  Che  airlines  in  need  of  large  planes  efficient  on  relatively 
short  hops,  as  well  as  the  airlines  needing  low-cost  equipment  to  serve  low- 
density  routes. . .Airlines  and  aircraft  mamsfacturers  are  both  relatively 
few  in  number;  airlines  seek  Co  minimize  the  number  of  different  airplanes 
in  their  fleets  for  efficient  maintenance  purposes.  These  fa:Cs  guarantee 
a sCanuing  pressure  for  aircraft  manufacturers  (operating  under  considerable 
uncertainty)  to  bias  their  research  and  development  efforts  Coward  Che 
largest  single  market,  whatever  the  structure  and  conduct  of  Che  airline 
Industry  may  cause  that  to  be.  As  already  indicated,  over  Che  years  Che  re- 
sulting bias  has  normally  been  toward  long-haul,  luxury  aircraft,  (p.  103) 

An  example  of  such  a "missed  opportunity"  is  the  turboprop  engine,  which,  as 

Caves  and  others  have  argued,  might  have  been  developed  further  during  the  19S0's 

and  early  1960's  so  as  Co  compensate  for  its  dcficiences  in  speed  (relative  to 

the  Jet  engine)  with  greater  fuel  economy  and  lover  operating  costs  than  obtained 

for  Jet  aircraft.  However,  the  regulatory  environment  of  the  period  precluded  the 

option  of  offering  passengers  lower  fares  for  slower  transportation,  reducing  the 

incentives  faced  by  the  airlines  for  adoption  of  the  turboprop  in  preference  to  the 

Jet  for  short-range  uses.  While  the  implicit  countcrfactual  case  that  is  proposed 

here  is  somewhat  speculative,  it  raises  Important  issues  about  the  nature  and  the 

distribution  of  the  benefits  of  the  rapid  rate  of  technical  change  in  commercial 

aircraft.  One  may  also  speculate  that  had  the  turboprop  been  given  the  enccurage- 

ment  to  develop  which  might  have  existed  in  an  unregulated  world,  the  industry 

would  have  been  better  equipped  to  absorb  the  impact  of  the  dramatic  rise  in  fuel 
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prices  In  the  70 *s.^ 

The  impact  of  deregulation  upon  Innovation  In  commercial  aircraft  likely 
will  take  some  time  to  be  felt.  Airline  operating  conditions  now  are  dominated 
largely  by  the  soaring  costs  of  fuel.  It  Is  Interesting  to  note,  however,  that 
price  competition  has  come  to  play  a major  role  In  airline  business  behavior,  and 
that  service  quality  has  become  Increasingly  differentiated,  with  various  "no- 
frllls",  advance  purchase,  business  class,  and  other  discounts  or  premiums  in 
the  cost  of  air  travel.  Simultaneously  with  these  developments,  one  notes  less 
competition  among  domestic  aircraft  producers  in  the  Introduction  of  the  next  gen- 
eration of  aircraft.  No  ocher  American  producer  has  stepped  forth  to  offer  an 
aircraft  that  will  compete  directly  with  the  new  Boeing  designs,  the  767  and  the 
757.  This  probably  reflects  a less  Intense  demand  by  the  airlines  for  rapid  de- 
liveries of  the  new  aircraft,  as  service  quality  and  novelty  lose  their  formerly 

2 

central  roles  in  air  transportation  competition. 


Another  case  In  support  of  this  argument  concerns  the  attempts  of  the  FAA  in  the 
early  1960 's  to  develop  a short-haul  passenger  transport  capable  of  replacing  the 
DC-3,  then  heavily  utilized  by  local-service  airlines  despite  its  advanced  years, 
lack  of  cabin  pressurization,  and  low  speed.  A study  of  Policy  Planning  for  Aero- 
nautical Research  and  Development  prepared  by  the  Library  of  Congress's  Legislative 
Reference  Service  for  the  Senate  Committee  on  Aeronautical  and  Space  Sciences,  noted 
that  the  FAA  deemed  action  necessary  because  "While  U.S.  manufacturers  had  made  a 
variety  of  studies,  no  design  had  been  forthcoming. . .The  key  to  starting  the  pro- 
gram appeared  to  be  the  need  for  a single  order  of  at  least  100  aircraft  with  the 
probability  of  at  least  100  more.  The  local  service  airlines  could  not  produce 
this  order  and  only  the  DOD  in  Government  could  think  in  such  quantities."  (1966, 
p.  238) 

2 

Clearly,  the  greater  fuel  efficiency  of  the  new  Bvcing  designs  provides  a powerful 
impetus  for  airlines  to  replace  their  older  aircraft,  such  as  the  727  and  707.  Our 
point  is  that,  whereas  in  the  previous  days  of  CAB  regulation,  airlines  would  have 
been  motivated  to  purchase  these  planes  both  because  of  their  fuel  efficiency  and 
because  of  their  perceived  novelty  and  superior  passenger  comfort  and/or  safety. 

In  the  current  context,  the  "service  quality"  argument  is  less  compelling,  leading 
to  a lower  level  of  competition  among  airlines  for  positions  in  the  delivery 
queue  and  less  effort  to  get  other  airframe  manufacturers  into  competition  with 
Boeing. 
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A final  policy  episode  of  considerable  relevance  to  this  discussion  of 
Federal  policies  affecting  the  demand  for  commercial  passenger  transports  con- 
cerns the  SSI  development  program.^  The  SST  episode  In  many  ways  constituted  an 
application  of  the  military  procurement  model  to  the  development  of  commercial 
aircraft;  the  Federal  government  conducted  a design  competition  and  proposed  to 
support  the  development  efforts  of  the  winning  prime  contractor.  Such  policies 
had  proven  more  or  less  successful  In  military  aircraft  procurement,  simply  be- 
cause of  the  largely  nonmarket  character  of  this  process — the  Federal  government 
was  the  sole  domestic  customer  for  military  aircraft.  It  therefore  was  eminently 
sensible  for  the  ultimate  purchaser  to  specify  in  detail  the  operating  and  design 
characteristics  of  the  aircraft  that  were  to  be  purchased  in  the  military  market. 
The  attempt  to  develop  an  acceptable  commercial  GST  via  government  support  was 
almost  certain  to  lead  to  a design  that  ignored  operating  costs,  as  did  the  SST 
design  and  the  Concorde  aircraft.  The  SST  project  illustrates  the  usefulness  of 
keeping  the  Federal  role  In  affecting  the  demand  for  commercial  aircraft  a diffuse 
one,  affecting  only  the  adoption  Incentives  of  commercial  aircraft  purchasers  and 
the  development  decisions  of  airframe  manufacturers,  rather  than  specifying  de- 
sign and  performance  characteristics  of  new  aircraft  in  detail. 

Federal  policies  toward  air  transportation  have  exerted  considerable  influ- 
ence upon  the  demand  for  innovation  In  commercial  aircraft.  We  have  argued  that 
the  focus  of  inter-airline  competition  upon  service  quality  during  the  1938-78 
period  of  CAB  regulation  provided  strong  Incentives  for  airlines  to  push  for  the 
development  of  new  aircraft  designs,  and  to  adopt  these  aircraft  rapidly.  While 

^See  Eads  and  Nelson  (1971),  for  a useful  and  critical  analysis. 
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thls  regulatory  policy,  and  Che  McHary-WaCres  airmail  policy  that  preceded  it, 
did  produce  a high  rate  o£  innovation,  it  also  Influenced  the  fora  which  com- 
petition would  take  — other  policy  Instruments  might  have  achieved  similar 
ends  at  less  cost.  Nonetheless,  the  Importance  of  Federal  influence  upon  he 
demand  for  aircraft,  in  both  the  military  and  commercial  sectors,  has  interesting 
implications  for  technology  policy  in  other  industries. 

Conclusion 

In  concluding  this  discussion  of  Federal  policy  and  Innovation  in  commercial 
aircraft,  we  will  summarize  our  assessment  of  the  role  of  the  Federal  government 
in  affecting  innovation  within  the  indusfy,  and  address  the  degree  to  which  other 
industries  could  benefit  from  a similar  fabric  of  government  policies.  While  the 
Innovative  performance  of  the  industry  suggests  that  this  policy  framework  ha-- 
been  successful,  it  is  likely  to  be  limited  in  its  applicability  to  other  indus- 
tries. In  view  of  some  of  the  other  failings  of  both  this  policy  framework  and 
the  commercial  aircraft  producers,  such  transfer  to  other  industries  of  the  pre- 
cise policy  framework  may  not  be  desirable. 

The  crucially  Important  aspect  of  Federal  policy  throughout  this  50-year 
period  is  its  Impact  upon  both  the  supply  of  and  demand  for  innovation.  Mil.tary 
support  of  new  aircraft  development  provided  Important  technical  skills,  knowledge, 
and  Innovations  that  could  be  utilized  by  manufacturers  in  commercial  aircraft. 
Government  demand  for  new  designs,  pushing  at  the  outer  limits  of  available  tech- 
nologies, was  no  less  crucial  in  bringing  about  the  rapid  embodiment  of  new  tech- 
nical knowledge  or  Isolated  breakthroughs  in  some  subsystem  in  a new  aircraft 
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dealgn.  The  knowledge  of  an  assured  market  for  a successful  military  aircraft 
gave  manufacturers  considerable  Incentives  to  pursue  and  utilize  rapidly  the 
technical  and  scientific  knowledge  acquired  at  Federal  expense.  This  assurance 
of  the  existence  and  characteristics (in  varying  detail)  of  the  nature  of  the  de- 
mand for  Innovative  technologies  Is  of  great  Importance  in  understanding  the 
speed  at  which  technical  breakthroughs  came  to  be  embodied  In  new  aircraft.  The 
modest  success  of  such  programs  as  the  NASA  Technology  Utilization  program,  or 
Federally  funded  demonstration  projects,  aimed  at  increasing  the  supply  and  avail- 
ability of  commercially  useful  knowledge,  reflect  In  part  the  uncertainties  about 
demand  faced  by  the  potential  'utilizers  of  this  knowledge.  In  the  military  aircrs 
market,  which  generated  considerable  spillovers  into  commercial  applications,  such 
demand  uncertainty  was  minimal. 

The  commercial  aircraft  market  also  was  affected  on  the  demand  side  by 
government  policies.  We  argued  above  that  the  McNary-V ctres  Air  Mail  Act,  and  the 
subsequent  regulatory  policies  of  the  Civil  Aeronautics  Board,  engendered  a strong 
demand  on  the  part  of  airlines  for  new  aircraft  embodying  military-spawned  Inno- 
vations. While  the  number  of  commercially  unsuccessful  aircraft  indicates  that 
the  market  w.is  not  an  assured  one,  the  effect  of  regulatory  policies  was  to  pro- 
vide a strong  impetus  for  aircraft  manufacturers  to  quickly  embody  new  technologi- 
cal developments  in  innovative  aircraft  designs,  as  well  as  for  the  airlines  to 
adopt  new  aircraft  designs  as  rapidly  as  possible.  To  a lesser  extent  than  was  ti 
of  the  military  market,  knowledge  by  producers  of  a strong  and  assured  demand  in 
Commercial  aircraft  aided  the  rapid  embodiment  of  new  technological  knowledge. 

The  usual  justification  for  publicly  supported  research  appeals  to  the  publl 
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good  characteristics  of  knowledge  and  information,  arguing  that  the  social  pay- 
offs to  fundamental  or  basic  research  greatly  exceed  the  private  returns  to  in- 
vestment in  ouch  research.  Government  support  of  research  therefore  is  consider- 
ed best  applied  to  the  most  basic  forms  of  research.  However,  in  the  case  of 
NACA,  established  as  a source  of  research  for  the  aircraft  Industry,  basic  re- 
search was  notably  absent.  Constant  (1980)  argues  convincingly  that  a major 
reason  for  the  failure  of  any  American  firm  to  develop  the  Jet  engine  prior  to 
World  War  II  was  due  to  the  lack  of  theoretical  work  in  aerodynamics  and  aero- 
nautics pursued  in  the  U.S.,  as  opposed  to  Germany  or  Great  Britain.  NACA's  role 
prior  to  19^0,  according  to  Constant,  was  primarily  that  of  a provider  of  test- 
ing facllltiLs  and  empirical  data,  rather  than  a supporter  of  advanced  theoretical 
work  in  aerodynamics.  Nonetheless,  the  Amcrlca.i  firms  were  well-placed  to  utilize 
the  theoretical  work  in  aerodynamics  and  the  Jet  engine,  most  of  which  had 
been  developed  abroad,  in  the  aftermath  of  World  War  II,  the  result  being  tho  707 
and  the  DC-8,  the  first  commercially  successful  Jet  transports.  Constant  attri- 
butes the  postwar  dominance  of  American  firms  in  Jet  aircraft  to  the  extremely 
large  and  highly  developed  domestic  airline  system  that  had  evolved  since  the 
1930's  in  the  U.S.  Government  policies,  such  as  McNary-Watres  or  the  CAB,  that 
affected  the  nature  of  the  demand  for  commercial  aircraft,  thus  may  have  been  as 
Important  as  Federal  support  of  research  in  the  development  of  the  postwar  air- 
craft Industry. 

The  experience  of  the  commercial  aircraft  Industry  underlines  the  importance, 
in  designing  policy  towards  innovation,  of  affecting  both  the  supply  of  and  demand 
for  innovation  and  technical  knowledge.^  While  this  conclusion  clearly  is  one  of 

^Nelson  and  Winter  (197  ) and  Mowery  and  Rosenberg  (1979)  provide  analyses  of  the 
innovation  process  that  emphasize  the  importance  of  linking  both  "market-pull"  and 
"Technology  push"  forces. 
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conalder«bl«  g«ner«llcy,  with  obvloua  rtltvance  to  cochnology  policies  In  other 
Induetrles,  it  is  not  clear  that  the  specific  policy  instruments  that  have  been 
utilized  in  the  commercial  aircraft  industry  are  appropriate  or  applicable  in 
other  industries.  Certainly,  the  resource  costs  of  these  policies  in  the  air- 
craft industry  have  been  substantial.  Certainly,  the  resource  costa  of  these 
policies  in  the  aircraft  Industry  have  been  substantial.  High  profits  and  Federal 
research  support  in  chc  development  and  sale  of  military  aircraft  have  comprised 
an  important  government  subsidy  to  the  development  and  manufacture  of  nev  com- 
mercial designs.  Carroll's  study  (1972)  argues  that  government  contracts  have 
been  much  mote  stable  in  volume,  and  yielded  substantially  higher  profits,  th.an 
commercial  sales  in  the  1950's  and  1960's.  To  the  extent  that  the  profitability 
of  military  sales  made  possible  fierce  competition  in  commercial  aircraft  pro- 
duction and  sales,  including  possibly  excessive  duplication  of  development  costs, 
tooling,  and  product  lines,  Carroll  argues,  resources  were  inefficiently  allocated 
as  a result  of  this  implicit  subsidy.  Further,  we  have  argued  above  that  the  com- 
petition between  McDonnell  Douglas  and  Lockheed  may  have  had  deleterious  conse- 
quences for  product  safety.  Finally,  of  course,  there  are  the  welfare  costs  to 
consumers  of  CAB  regulation  of  air  transportation,  another  clement  of  the  policy 
framework  that  has  supported  rate  of  innovation  in  commercial  aircraft. 

One  area  in  which  an  aircraft  Industry  policy  paradigm  may  be  of  relevance 
is  that  of  technologies  for  reducing  emissions  of  pollutants  and  carclnogcn.s  from 
automobiles  and  industrial  production  processes.  This  is  an  area  in  which  the  per- 
formance characteristics  of  the  technologies  that  are  mandated  by  Federal  regula- 
tion could  be  clarified  in  such  a way  as  to  make  the  demand  for  Innovation  clear 
and  unambiguous.  Coupled  with  a mote  substantial  level  of  government  funding  of 
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reaearch  In  thla  area,  a act  of  pollclaa  could  result  that  would  affect  the  aup- 
ply  of  technical  knowledge  and  Innovatlona,  aa  well  aa  the  demand  for  new  cmla- 
slono  control  proceasca,  ao  aa  to  Improve  the  state  of  the  art  In  this  Important 
area.  Another  area  where  such  an  approach  might  be  useful  la  that  of  energy 
technologies.  Here,  government  currently  funda  research  extensively.  In  contrast 
to  the  situation  of  emissions  control  technologies,  but  has  done  little  by  way 
of  providing  a clear  and  stable  demand  for  energy  technologies  with  certain  spe- 
cific coat  and  performance  characteristics  (indeed,  until  the  recent  moves  to  re- 
move price  controls  on  domestic  oil  and  natural  gas,  government  demand  policies 
discouraged  the  application  of  new  energy  technologies).  By  making  commitments 
to  purchase  certain  forms  of  energy  at  a guaranteed  price,  e.g.,  synthetic  fuels 
for  a strategic  pctroleuu  reserve,  or  certain  technologies  with  specific  cost  or 
performance  characteristics,  e.g.,  solar  energy  sources  meeting  announced  criteria 
Federal  policies  could  provide  a more  effective  set  of  "market  pulls"  In  addition 
to  the  currently  available  "pushes"  from  extensive  research  funding.  The  essentia 
requirement  1-.  to  design  policies  that  affect  both  of  these  factors. 
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I.  INTRODUCTION 


Governnencs  have  had  a slgnlflcanc  role  In  che  compucer  induscry  from  chc 
very  Incepclon  of  computing  technology.  Charlea  Babbage  (1792-1871)  waa 
supported  by  the  British  government  in  his  research  on  the  ‘analytic 
engiae.‘  In  more  recent  times,  the  United  States  governments  end  foreign 
governmencs  have  continued  to  have  very  important  influences  on  the 
industry.  Governments  directly  and  indirectly  support  R & D,  are  Important 
purchasers  of  large  volumes  of  computer  hardware  and  software,  and  act  in 
several  regulatory  modes,  including  that  of  a ‘preserver  of  competition"  under 
Che  antitrust  laws. 

It  's  a well-known  fact  that  during  Che  initial  ten  or  fifteen  years  of 
coomercial  sales  of  computers  and  computer-related  products  and  service  in  the 
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United  SMC.f,  the  Iat«rn.tlonal  au»ln«M  IfcchlMi  Corporation,  by  Tlrtually 
*ny  ralavanc  ataadard,  had  graatar  aarkat  auceaaa  than  any  of  Ita  rivals. 

Thla  papar  tracaa  tha  rola  of  govamaant  la  thla  dlffarantlal  tucceea  atory. 

Tha  narratlva  auggaata  that,  for  tha  noat  part,  tha  actlvltiaa  of  and  support 
by  tha  U.S.  govamaant  wara  axtranoly  Inportant  In  tha  ratas  of  Innovation  and 

dlffualon  of  cooputar  tachnologlaa. 

Lata  obvloualy,  tha  narratlva  also  daaonatrataa  that  govarnoantal 
actlvltiaa  craatad  a vast  contlnuua  of  tha  tachnologlcal  opportunltlaa.  These 
opportunltlaa,  It  will  ba  arguad,  wara  not  In  any  Idantlf labia  way  made 
dlffarantlally  avallabla  to  IBM.  Indaad,  soaa  aspacta  of  tachnology  and 
related  oarkat  opportunltlaa  favored  other  flraa  at  aona  points  In  tlaa.  Many 
of  these  opportunltlaa  wara  alaaad  or  "paasad  ovar"  by  the  firms  that  might 
well  have  used  them  to  ascend  to  a market  position  such  as  that  occupied  by 
lai.  Tha  record  Indicates  repeated  Instancas  of  what,  In  retrospect , wara  the 
wrong  decisions  with  respect  to  tachnology,  marketing,  size  of  market, 

Internal  organization,  management  commitment  and  rlsk-baarlng. 

It  Is  Important  at  tha  onset  to  emphasize  that,  while  tha  decisions  seam 
clearly  wrong  in  retrospect,  they  were  mada  In  environments  that  at  tha  times 
were  characterized  by  enormous  uncertainty.  The  very  pace  of  tha 
technological  change,  augmented  as  It  was  by  government  In  many  Instances, 
produced  opportunities  for  fatal  errors  as  well  as  for  startling  successes. 

That  ona  firm  would  for  at  least  short  periods  of  time  be  differentially 
successful  is  not  surprising.  Stochastic  processes  might  themselves  produce 
this  structural  consequonca  In  a dynamic  system  with  strong  -feedbacks"  from 
performance  measures  to  structure. ^ With  a somewhat  deterministic  view  of 
market  processes,  the  conclusions  drawn  are,  however,  chat  more  than  chance 
was  involved.  The  "right-  decisions  and  the  "wrong"  decisions  were  more  than 
a matter  of  a "good"  or  "bad"  flip  of  the  cola. 

II.  ENIAC.  UNIVAC  and  ERA 

The  big  news  at  the  ^feore  School  of  Che  University  of  Pennsylvania  la 
1946  was  that  ENIA:  (Electronic  Numerical  Integrator  and  Computer)  actually 
ran.  John  W.  N.uc' '.y  and  J.  Presper  Eckert,  aided  by  Herman  and  Aiele 
Ccldstlne,  Autpjr  rks,  Carl  Chambers,  and  several  other  Important  members  of 
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cha  acaff  ot  cha  Koora  School  of  tha  Ualvaraity  of  Paonaylvanla,  had  eucceaded 
lo  fulflllltiQ  cha  raqulraaaoco  of  a U.S*  Amy  eoacracc.  ENIAC  was  capable  of 
7 aciaaclfic  or  45  eoanarclal  coapucacioaa  par  aacood*  Ic  could  grind  out 
balllaclc  fining  Cablaa  and  crajaccorlaa  by  ”ae  laaac  a factor  of  a hundred 
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and* ••probably  500"  claaa  that  of  any  alaccrooachanlcal  pradacaaaor  sachlna^ 

It  waa  not  ENlAC  Icaalf  that  provided  the  great  technological  Impatua  to 
Cha  coapucar  Induatry^  In  lea  flrac  fon,  ENIAC  had  no  feaalbla  cooaarlcal 
appllcaciona^  Tha  govarnaanCf  In  aponaorlng  ENIAC,  did  auch  more  chan  It 
conacloualy  Incandadt  however*  Tha  aver  curloua,  ever  brilliantly  Innovative 
John  von  Meuiaaon  bacaoo  aaaoclatad  with  Cha  ENZAC  projac  in  Auguac,  1944. 

With  Hauchly,  Eckert  and  eapaclally  Renan  Goldaclna,  von  Nauaann  developed 
Cha  concept  of  the  "acored  prograa"  coaputer,  with  logic  Inacructlona  acored 
in  i&eaory  ao  that  they  could  be  aodlfled  arlchaeclcally  without  a manual 
reaecclog  of  ehouaanda  of  awlcchea* 

The  eventa  in  Phlladelpla  were  acarcely  front  page  oewa*  There  ware, 
however,  a amoll  group  of  acientlaca,  englnaera,  governaent  organlzatlona  and 
coopanlea  very  Intereated  in  the  progreaa  of  computing  technology.  Howard 
Aiken  had  been  developing  electromechanical  computara  at  Harvard  for  aome 
yeara.  The  Ball  Telephone  Laboracorlea  had  developed  a alailar,  very 
sophlacicaced  computer.  MIT  aponaored  a Lecture  aeriea  on  compucera  lo 
October,  1943,  wall  prior  to  ENIAC  becoming  active. 

Perhapa  cha  moat  algnlflcant  government  Influence  on  the  yet-to-be-born 
Induacry  came  from  a alx  week  courae,  "Theory  and  Techniques  for  the  Design  of 
electronic  Digital  Compucera,”  given  at  the  Moore  School  In  July- August, 
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1946  . This  course  wea  organized  by  Carl  Chambers  of  Che  Moore  School,  but 
sponsored  by  Che  Office  of  Naval  Research  and  the  Army  Ordinance  Dcparcmenc. 
Attendees  rapresented  Che  Army,  Navy,  National  Bureau  of  Standards,  MIT, 
Columbia,  Pennsylvania,  Harvard,  the  Inatltute  for  Advanced  Study,  Cambridge 
University,  Bell  Tel  Labs,  IBM,  National  Cash  Register,  and  General  Electric, 
among  others. 

Many  aspects  of  planned,  scored  program  machines  were  discussed  at  these 
sessions.  One  topic  waa  "Consequences  of  Covernment-Supporced  Research."  Six 
months  later,  a four-day  conference  waa  organized  by  Howard  Aiken  at  Harvard, 
ai^  sponsored  by  the  Navy  Department.  There  were  350  conferees,  and  the 
proceedings  were  published  by  the  Harvard  University  Press.  In  addition  to 
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govcrcfflaac  «ad  Ac«d«mlc  p*rtlcip«aCf,  ch«r«  w»ra  rcprttantatlvaa  of  RCA* 
Eaacaan**Kodak*  Elactronie  Coatrol  Coopanjr,  Brush  OavtlopBoac  Coapany*  Mocchrop 
Aircraft,  loavaa  Inatrusanc  Corporation,  B*U  Tal  Laba,  Raytheon,  Prudantlal 
Ufa  Inauranca  Co*,  John  Hancock  Hutual  Ufa  Znauranca  Co«,  Ganaral  Elactric 
Cot,  Cnglnaariof  Raaaareh  Aaaoclataa,  Bandlx  Ariatioo  Corp*,  Marchanc 
Calculating  Kachlnary  Co*,  Haaaachuaaotta  Mutual  Ufa  Inauranca  Co.,  Bauach 
and  Lonb,  Vaatom  Union,  Honaanto  Cheaical  Co.,  Sylvania  Blactric,  Tachnlcord 
Rflcorda,  Hughaa  Aircraft,  Sparry  Cyroacopa  Co.,  Clinton  Laboratoriaa,  Nav 
England  Povar  Sarvice  Co.,  Arthur  0.  Uttla,  Inc.,  Hydrocarbon  Raaaareh,  Inc., 
United  Aircraft,  RCA,  and  othara.  Tha  praaa  waa  rapraaantad. 

I EM  aponaocad  fiva  confarancaa  on  coaputing  batwaan  1948  and  19S1. 

Harvard  rapeated  ita  confaronca  in  1949.  Tha  Aaaociation  of  Coaputing 
Machinery  uaa  foraod  in  1948  around  a "vary  cloaa  fratamity  of  paopla"  from 
univeraitiaa,  induatry  and  govamaant.  In  abort,  and  groving  diractly  from 
governaent  aupport  for  EMIAC  and  related  projacta,  there  waa  free  and  opon 
acceaa  to  not  Juat  tha  technology  of  tha  day,  but  free  and  open  accesa  ae  wall 
to  tha  many  coaputer-ralated  R & D projecta  than  underway.  Well-known  stored 
prograa  coaputera  euch  aa  EDVAC  (Eckert  and  Hauchly),  EDSAC  (Wilkes, 

Caabridge,  based  on  Moors  School  course),  SEAC  (Hational  Bureau  of  Standards) 
and  lAS  (von  Heutaann,  Institute  for  Advanced  Studies)  were  consequently 
developed,  usually  under  government  sponsorship.^  In  addition,  however,  at 
least  7 other  nonprofit  orgsaizationa  were  aimilarly  engaged  in  designing  and 
developing  stored  prograa  machines,  including  the  University  of  Amsterdam, 
University  of  California  at  Berkley  (CALDIC),  University  of  California  at  Los 
Angeles  (SWAC),  University  of  Prankfurt,  Harvard  Unlvorsity  (Mark  III), 
University  of  Illinois  (ORDVAC, ILLIAC) , University  of  Manchester,  University 
of  Michigan  (MIDAC),  MIT  (Whirlwind),  Univereicy  of  Roma,  Unlveraicy  of 
Vienna,  a Swedish  university  (Stockolm?),  Federal  High  School  (Zurich),  Los 
Alamos  Scientific  Laboratory  (MANIAC),  Patrick  Air  Force  Base  (FLAC),  RAND 
Corporation  (JOUNIAC,  after  von  Neumann),  and  the  Naval  Research  Laboratory.^ 

The  direct  aesoclations  of  commercial  firms  with  these  nonprofit 
activities  and  tha  attendance  of  representatives  of  these  saaa  firms  at  the 
conferences  gave  many  of  them  the  rudiments  of  tha  technology  base  on  which 
coomcrcial  ventures  might  have  been  launched.  Enumerating  actual  potential 
entrants  is  not  always  a fruitful  task  but,  b^sed  on  the  records  available, 
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choaa  chac  had  «c  lust  th«  substaativa  cachoologT  bast  lacluda,  in  addition 
to  lEM,  such  Circs  as  BsndiXi  Booing,  Douglas,  Hughoa,  Horth  tearican 
Aviation,  Northrop, ( BINAC) , Rajrthaon,  Sparry,  Canaral  Uactrie,  Wostinghouaa , 
RCA,  Phllco,  AI  & T,  ITT,  GTE,  Burroughs,  Fridan,  Monroa,  Natloul  Cash 
Rsglstar,  Raaington  Rand,  Royal,  and  Uodarvood,^ 

None  of  thasa  was  tha  first  venturar*  Eckart  and  Mauchly,  who  wara 
dlsalssad  fora  tha  Unlvarsity  of  Ponnsylvania  in  1946  bacauaa  of  thair 
Intorasta  in  cosaarelalitatlon  of  the  ENIAC  and  EDVAC  eoneopts,  fomad  tha 
Eckarc-Kauchly  Conputar  Company  in  Philadalphla.  Paraonnal  from  tha  Naval 
Rassarch  Laboratory  and  ONR  formed  Englnaarlng  Research  Aasoclites  in  St. 

Paul,  Minnesota.  The  Computer  Rasaareh  Corporation  was  formed  as  a spin-off 
from  Northniop.  In  every  case,  govamaant  aponaorad  projects  were  tha  direct 
antecedants  of  thasa  new  ventures.  And  tha  pace  of  the  tachnological  progress 
was  rapid.  SEAC,  for  example,  was  capable  of  about  103  scientific 
computations  per  second  or  254  cooaercial  computations  per  second  in  contrast 
to  the  7.5  per  second  or  45  per  second  deliveries  Cor  ENIAC.^ 

The  urly  history  of  Eckert-Mauchly  group  illustrates  how  chaoca  affected 
the  initial  industry  structure.  Thomas  J.  Watson,  Sr.,  offered  both  Eckert 
and  Msuchly  positions  at  lEM,  including  with  tha  offer  a laboratory  under 
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their  own  management.  They  decllneu,  probably  because  I£H  did  not  assure 
them  that  thair  computers  would  be  marketed.  Eckert  and  Mauchly  approached 
the  Bureau  of  the  Census  which  was  known  to  the  interested  in  a computer. 
Through  tha  National  Bureau  of  Standards  (NBS),  Census  requested  bids  and,  in 
addition  to  Eckert-Mauchly,  found  interest  at  Hughes  Tool  and  Raytheon. 

Hughes  did  not  submit  a bid;  Raytheron's  bid  was  in  excess  of  that  of  Eckert-* 
Mauchly.  The  later  were  awarded  rhe  Census  contract  in  June,  1946,  only  three 
months  after  their  departure  for  Penn  and  more  than  a year  prior  to  formal 
incorporation. 

In  1947,  Eckert-Mauchly  received  funding  from  A.C.  Nielson  and  Prudential 
Life  Insurance  Company,  both  of  which  agreements  finally  included 
possibilities  for  purchases  of  EDVAC  (now  UNIVAC)  computers.  Henry  Straus,  a 
Delaware  racetrack  owner,  and  Vice  President  of  American  Totalisor,  supplied 
half  a million  dollars  of  cash  and  notes  in  return  for  4CZ  of  Eckert- 
Mauchly 's  cocaon  stock.  Straus  was  killed  in  an  airplane  crash,  local 
financial  organizations  refused  Eckert-Kauchly' s request  for  funds,  and  the 


new  corporecloQ  wai  eleerly  deseloed  for  baokmpccy  by  1949. 

Eckert  end  Ksuchly  knew  vlrcudlly  everyone  ec  eoy  corporacloa  thee  hed 
hitherto  shown  latereet  la  coeputers  throught  pertieipetioa  in  confereocee  end 
governaent  coatreets.  They  contected  MOt,  Realogton  Rend,  1B<,  Philco. 
Burroughs.  Bughes  Aircreft,  sod  probhbly  others,  tealngton  Rend  oede  en  offer 
Chet  was  eccepted  in  Pobruery,  1950. 

The  ecquisicioo  of  Zckarc-Msuchly  herdly  reflects  e confident  decision  on 

Che  Che  pert  of  Reeingcon  Rend  Chet  UNIVAC  wes  the  wave  of  the  future.  The 

first  stove  was.  in  fact,  to  acceapt  to  cancel  all  UMIVAC  contracts.  The 

Census  Bureau  refused  to  cancel,  but  Prudential  and  Nielson  did  cancel  after  a 

year  of  unfruitful  efforts  at  renegotiation.^^  The  Census  UNIVAC  I was 

delivered  in  1951,  followed  by  sales  of  five  aore  of  the  saae  aachine  to  the 
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AEC,  Air  Force,  Aray,  and  the  Navy  Bureau  of  Ships.  Coanarical  deliveries 
of  UNIVAC  I cooaeoced  only  in  1954.  JNIVAC  I was  capable  of  14C  scientific  or 
171  coBoerical  coaputations  per  second  and  sold  for  prices  of  *1.000,000  and 
up.  In  all,  40  UNIVAC  I's  wore  eventually  installed. 

Covernaent  projects  led  to  another  early  effort  at  cooaercial  sales.  The 
Engineering  Research  Associates  (ERA)  group,  which  included  Williaa  Norris, 
started  with  a Navy  contract  for  "special  purpose,"  "highly  classified” 
computing  oachinery  and  related  work.  This  was  alaost  ioaediately  augmented 
by  a Navy  contract  for  what  was  called  ^AS  I.  with  the  understanding  chat 
variants  of  ATLAS  I night  be  "put  out  conaerically". The  ATLAS  I was 
reoancd  ERA  llOl,  and  was  followed  by  the  ERA  1102  and  1103.  Three  llOl's, 
three  1102's  and  about  20  1103's  were  sold.  The  ERA  computers  utilized  t 
patented  magnetic  drum  memory.  The  1101  was  capable  of  683  scientific  or  302 
commercial  computations  per  second;  Che  1103,  of  749  scientific  or  666 
commercial  computations  per  second,  orders  of  magnitude  larger  than  the 
ENIAC.^^ 


III.  The  Scope  of  Early  Opportunities 

While  Che  UNIVAC  I and  Che  ERA  series  found  a few  commercial  customers, 
neither  was  a cosnercial  success.  Both  Eckert-Kauchly  and  ERA  ended  up  as 
part  of  Remington  Rand.  The  acquiring  company  was  generally  regardc'i  as  "the 
leading  company  in  the  EDP  Industry  in  the  early  1950' a”. Remingt 'a  Rand 
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was  thought  to  havo  an  “laltlal  year  to  two  yaara  lead. •• by  haTing  a oachlaa 
that  waa  available  aod  operational  before  other  oachinea  began  to  appear." 

The  UNIVAC  naae  becaae  prooiaont  enough  to  that  it  waa  for  a tiae  the  generic 
ten  for  a coaputer."^ 

The  early  narkecing  of  the  UNIVAC  hardly  meant  that  other  coapaniea  were 
not  exploring  coaputer  developmanta  aod  poaaibla  entry.  The  attendance  at 
computer  cooferencea  itaelf  baliea  that  concluaioo.  For  ita  part,  I£M  had  had 
personnel  working  with  Aiken  at  Harvard  between  1937  and  1944.  In  the  1944- 
1947  period,  I£H  built  the  SSZC  (Selective  Sequence  Electronic  Calculator). 
Demonstrated  to  the  public  in  1948,  the  SSZC  boasted  rudimentary  scored 
prograns  capability.  Only  one  as  made. 

In  the  late  1940's,  established  an  Applied  Science  group  to  perform 

exploratory  research  in  poaaibla  business  applications  of  the  new 

technology.  While  Thomas  J.  Watson,  Sr.,  felt  that  the  SSZC  alone  "could 

solve  all  the  laportant  scientific  problems  in  the  world",  Mr.  Watson,  Jr., 

was  more  intrigued  by  the  possibility  of  developing  computers  for  the 

cooaercial  market.  There  was,  however,  ouch  opposition  within  IBH  to  the 

"long  hair”,  "double  dome"  electronics  scientists.  Outsiders,  especially 

20 

scientists,  doubted  that  ISl  would  every  produce  a computer. 

Entering  the  coaputer  industry  when  the  first  UMIVAC  was  yet  to  be 

delivered  posed  many  obvious  problems  for  191  and  others  similarly  situated. 

The  technology  was  different  from  that  for  typewriters  aod  punch  card 

tabulatoro.  The  technology,  moreover,  was  rapidly  changing.  Development 

21 

would  use  scarce  funds.  Whatever  coaputer  might  be  produced  would  have  to 
be  sold  at  a high  price.  Potential  customers  had  no  knowledge  of  computers 
and  their  possible  applications.  Foreseen  uses  in  business  were  so  limited 
that  Che  market  seemed  very  small.  And,  of  course,  Eckert-Kauchly  and  EZA  had 
machines  in  development  and  Raytheon  had  announced  its  intentions  to  follow 
sulc.^^ 

lai  decided  to  move  into  the  industry  largely  as  a result  of  the  Korean 
War.  Gichbart  Hurd,  who  headed  the  Applied  Science  group,  aod  the  eager 
Thomas  J.  Watson,  Jr.,  prevallled  on  Mr.  Watson,  Sr.,  and  the  rest  of  Che  191 
organization.  They  argued  that  government  agencies  clearly  needed  improved 
computational  and  data  processing  abilities  in  the  war  effort  aod,  less 
persuasively,  chat  businesses  had  similar  requirements.  Development  of  the 
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"Dcftnao  Caleulacor'*  waa  authorized  in  the  Fhll  of  1930* 

Tho  "Dafonaa  Calculator"  waa  rasastad  tha  lEH  701*  Its  davalopoant  and 
production  wets  praaiaad  on  19  lattars  of  Intent,  all  froa  sovarnaane  atanclas 
and  ttM  dafansa  related  work  of  prlvata  coapanlas*  Whan  tbs  prospactiva 
rental  price  of  tha  701  was  chansad  in  1931  froa  $8,000  to  $15,000  par  aonth, 
13  of  the  19  lattars  of  intent  vara  withdrawn.  It  appeared  that  tha  701  was 
doomed  to  failure, 

Tha  decision  of  I£M  to  continue  with  ths  701  project  at  this  Juncture  was 
pivotal  to  its  subsequent  success.  Having  decided  to  produce  the  19  machines, 
and  arranging  for  its  production  on  an  asseablyoline  basis  rather  than  on  a 
Job'shop,  custoGt-oade  basis  as  was  true  of  UNIVAC  and  ERA,  191  went  ahead. 

The  701  was  announced  in  Ma^,  1952,  with  first  customer  installation  about  a 
year  later,  Tha  701  was  capable  of  993  scientific  or  616  coonereial 
operations  per  second,  and  was  produced  and  delivered  at  a race  of  one  per 
month,  Tha  701,  unlike  others  Chen  in  development,  was  produced  in  modules 
that  lowered  production  costa  and  made  delivery  and  installation  quite  easy. 

In  its  initial  design,  and  unlike  UNIVAC  I,  tha  701  could  not  handle 
alphabetic  characters.  The  701  had  a superior  tape  drive  and  random  access 
memory.  To  Che  market,  tha  701  was  an  "lEH  UNIVAC",^^ 

Once  committed  to  Che  computer  market,  ISM  continued  Immediately  to 
improve  its  products  and  its  related  marketing  efforts.  In  late  Fall,  1952, 
and  prior  to  first  delivery  of  the  701,  the  Applied  Science  group  proposed  Che 
I9i  650.  There  were  only  six  firm  701  orders  at  tha  time,  tod  Sales  and 
Product  Planning  forecast  not  sales  of  zero  for  the  650,  Evc*y  650  sold  would 
just  replace  possible  701  sales  in  their  vlcw.^^  Applied  Science,  on  Che 
ocher  hand,  forecast  sales  of  200  650'a,  mostly  for  scientific  and  engineering 
use.  After  heated  iccemal  debate,  the  650  was  announced  in  early  1953  and 
first  delivery  was  in  November,  19SA.  In  Che  end  about  1,800  were  produced, 
moscl/  for  business  applications. 

The  650  was  not  the  fastest  of  machines.  It  could  originally  output  only 
111  scientific  or  291  coosasrclal  coopuCations  per  second,  Tha  650,  however, 
was  very  flexible  in  its  usee,  carried  a relatively  low  price,  was  reliable, 
was  -sy  to  install  and  maintain  and,  over  time,  was  upgraded  by  alphabetic 
cape,  llcy,  an  excellent  printar,  cape  drives,  the  RAMAC  disc  drive  and  the 
SOAP  ‘Symbolic  Cptimizacion  Assembly  Program)  assemblers  for  programming.  It 
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was  also  supportad  by  tralood  and  aioclvacad  salts  and  oalntantnca  ptrsonnal. 
Tho  650  was  cha  "Modal  T*  of  coopucors*  In  Sapcanbar,  1953,  IfiN  announced  cha 
702,  for  dallvary  in  1955*  ZBH  also  produced  tha  aora  spaclallsad  604  and 
610,  both  of  which  wart  Incroducad  In  1954*  Ic  was  cha  650,  nonochalass,  chat 
changed  IBl's  loage  froo  a producer  of  "IBM  UNZVAC's"  co  cha  leader  in  cha 
induscry. 

Goveniaanc  sponsored  coapucar  research  and  procureaanc  had  puC  a nuabar 
of  ocher  firoa  inco  a cechnological  posicion  siailar  co  IBM's  in  cha  early 
1950 's.  AX  & T,  which  had  coapleced  a large  scale,  eleccroBachanical  compucer 
in  1940,  was  associaced  wich  cha  ENIAC  projecc,  was  doing  large  anouncs  of 
research  in  eleccronics,  and  supplied  several  elecroaechanlcal  digical 
coopucers  co  Che  govemoenc  becween  1943  and  1947*  Perhaps  underscandably, 
AI  4 T elecced  ooc  co  develop  and  aarkec  eleccronic  compucers,  buc  inscead 
focussed  on  use  of  cha  same  cachnology  in  celeconaunicacions  applicacions.^° 

In  1952-1954,  Al  & T sold  $263,000  of  compucer  produces  co  che  U. S*  governmenc 
and  could  well  have  been  seen  as  a pocencial  compecicor  in  coomerclal 
aarkecs.  Afcer  che  1956  coneenc  decree  wich  che  Deparcnenc  of  Juscice,  AT  & T 
was  cffeccively  precluded  from  che  narkec* 

Raytheon,  anocher  of  che  companies  following  EMIAC  and  EOVAC  developnencs 

closely,  was  awarded  a concracC  Co  produce  a compucer  by  che  Bureau  of 

Standards  (lacer  che  Office  of  Naval  Research)  in  1947.  The  computer  became 

che  Ri\YDAC  (Raytheon  Digical  Aucomacic  Compucer)  and  was  delivered  Co  ONE  in 

1951*  In  che  same  cime  period,  Raytheon  also  produced  ocher  compucers  for 

29 

various  classified  government  uses.  Tha  company  was  regarded  as  "one  of  che 
prime  c>>.ncers  of  technological  developnenc  [in  che  early  1950 ’s]  and  probably 

[a]  leauer  roughly  parallel  wich  Che  Univac  operation  in  terms  of  scope  of 
-30 

competence. 

Despite  Che  leading  technological  edge  chat  governmenc  compucer  concraccs 
and  oucsids  associations  provided  Raycheon,  cha  company  did  not  markec  a 
coosaercial  ^'ornpucer.  A RATCOM  compucer,  developed  from  RAi'DAC,  was  planned, 
but  noc  sold.  Raycheon  saw  itself  as  "primarily  a Governmenc  funded 
corporation"  Chat  "did  noc  accack  commercial  accivlcies  in  ocher  fields  very 
well."^^  A coaaarcial  venture  would  require  "funding  from  che  [corporate] 

*3  2 

exchequer"  in  concrasc  co  funding  by  government  cone  race. 

In  1955  - by  which  cime  several  ocher  companies  were  in  Che  markec  - 
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lUychcon  foraad  « Joint  vtatura,  DntacuiCle  Corporation,  with  Minnaapolia  “ 
Honayvall  Rafiulator  Coapany.  Tha  idea  waa  to  uea  the  HAXCCH  tachaolosy  to 
produca  and  eirkat  larga  acala  ayatana*  The  Dataaatic'lOOO  toe  introduead  in 
lata  19S7  with  a capacity  for  481  aciantific  or  1,435  coaaarcial  cuapuationa 
par  second*  Tha  Honayvall  800  appaarad  in  Dacaabar,  1960,  with  apaada  of 
28,790  aciantific  or  23,760  coaaarcial  coapuationa  par  aacond*  By  Chao, 
however,  the  lEM  7090,  Cha  0)C  1604,  the  Fhilco  2000**211,  and  othara  with 
comparable  or  batter  apaada  had  bean  on  the  aarkat  for  aoaa  ciaa*^^  Only  6 or 
10  [>-1000'a  ware  aold,  largely  for  acraighc  accounting  work.  Raytheon,  which 
might  wall  have  auccaaded  had  it  purauad  the  RAYCOM  prograa  vigoroualy  aoma 
years  earlier,  withdraw  frca  OatasMCic  in  1957.  It  cootinuad,  however,  as  an 

extremely  compacaat  developer  and  manufacturar  of  apaciai  purpose,  governaent 
34 

computara. 

RCA  waa  another  company  that  could  tiava  made  a '‘first  aova"  into  cha 
comaorcial  field*  Scudiae  of  electronic  computing  devices  had  begun  at  RCA 
"as  early  aa  1935.''^^  Covarnaent  support  was  vary  iaportant.  RCA  developed 
and  delivered  electronic  systems  for  anti-aircraft  fire  control  in  cha  early 
1940's  It  produced  a computer,  the  Typhon,  for  cha  Navy  in  1947.  By  1950, 
exploratory  rasaarch  was  done  in  relation  to  a commercial  application.  All  of 
this  antedates  cha  decision  by  I&l  to  produca  cha  Defense  Calculator  (IBM 
701).  But,  like  Raytheon,  RCA  devoted  most  of  its  activiciaa  to  classified 
governaent  computer  projecca  in  these  early  years.  RCA  worked  on  cube 
development  for  ENIAC  and  ocher  computers  and  began  rasaarch  on  core  memory 
and  transistors  for  computer  use  in  1952.^^ 

The  BIQiAC,  RCA's  first  commercial  oachine,  was  developed  under  contract 

with  cha  Army.  Its  purpose  waa  'acock  control  of  replacement  parts  for 

oilicary  combat  and  transport  vehicles. Only  six  BIZMAC’s  were  shipped 

beginning  in  lace  1955.  These  had  speeds  of  only  286  scientific  or  968 

commercial  compucacioos  per  second.  Work  began  on  cha  RCA  501  in  1958.  When 

cha  latter  was  introduced  it  was  hailed,  incorrectly,  as  'the  first  completely 

38 

cransiscurited,  general  purpose  electronic  data  processing  syetea.*  Even 
Che  501  relied  directly  on  government  work.  It  arose  in  parallel  with  RCA's 
being  chosen  prograa  manager  for  Che  BMEWS  North  American  Air  Defense  Command 
early  warning  system.  The  RCA  110  Industrial  Control  Computer  of  the  late 
1930* s had  a similar  origin.  The  company  acknowledged  that  its  'major 
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obscacl*'  wao  id  own  “doubca  aa  co  tCA'a  aarlouaoaaa  In  cha  CDP  bualnaaa." 

Roaourcao  warn  ailocaced  co  color  ealavlalon,  not  cu  COP  and  eospucara* 

By  cha  and  of  1941,  wlch  cha  RCA  601  "diaaacar"  apllllof  ovar  co  lapada  RCA 

301  aalaa,  RCA'a  COP  dlviaion  waa  quica  affacclvaly  dafuncc* 

Caoaral  Claccrlc  waa  anochar  bonflclary  of  Cha  caehnoiogy  apawnad  by 

ENIAC,  COVAC  and  cha  1947-19S0  coapuCar  confarancaa*  Lika  many  ochar 

coapaniaa,  ic  raacriccad  ica  firac  davalopoanC  and  aanufacCuriog  afforca  Co 

• paeialized  ayacaoa  for  or^^^nca  and  aiiicary  applicaciona*^*^  Tha  1933  OARAC 

(Offica  of  Air  Raaaarch  Aicooaclc  Coapucar)  was  ona  of  chaaaiTha  ERMA 

(Claccronic  Racording  Hachod  of  AccounCiog),  anoouncad  in  19S6,  waa  cha  firac 

comnarcially  availabla  CC  oachina*  Conaonanc  wlch  cha  pravloua  riak**raduciaf 

policy  Inharanc  wlch  govarnaanc  concracca,  cha  ERMA  waa  davalopad  undar  a $60 

olllloa  concracc  wlch  cha  Bank  of  Aaarica  for  uaa  In  chock  handling.  Undar 

chla  concracC,  30  ERMA'a  warn  dalivarad,  buc  GE  "fallad  co  caplcllza'  on  lea 

4 1 

load  In  avan  EDP  appllcaclona  In  cha  banking  Induacry.  Wlch  llccla  rlak  Co 
icaalf,  CC  concraccad  wlch  Naclonal  Caah  Roglacar  Co  produca  cha  NCR  daatgnod 
304.  Thla  oachlno  waa  Incroducad  by  NCR  In  laca  19S9.  In  connacclon  wlch  lea 
dovalopaonc  of  nuaarlcal  concrola  for  aachlna  coola,  CE  doalgnad  and  producod 
cha  CC  312  and,  baaad  on  cha  312,  dalivarad  cha  CC  225  In  1961.  Covarnmanc 
and  ochar  concracC  dovalopaonc  and  producClon  gava  CC  cha  opporcunlcy  Co  ba 
among  Cha  flnaa  loading  Cha  firac  decada  of  cha  comaarlcal  Induacry,  buc  CC 
did  noc  opc  for  chla  rlaky  cholca. 

In  concraac  Co  CC,  cha  aaall  Conaolidacad  Englnaarlng  Corporaclon  aac  up 

cha  Cloccrodaca  Corporaclon  co  davelop  and  markac  cha  CEC  202/203  In  1954. 

Elaccrodaca  Incroducad  lea  Dacacron  203/204  In  Juno,  1954,  wlch  oarkeclng 

42 

headed  by  a fonnor  IBM  exacucivo.  Thla  waa  dona,  howavar,  undar  concracc 
wlch  cha  Jac  Propulsion  Laboracory,  which  In  Cum  had  govarnaanc  concracc 
supporc.  Six  addlclonal  Dacacrona  wane  Co  U.S.  Naval  Ordlnanca.  Allscaco, 
Socony-Vacuesi,  Aaorlcan  Boah  Aroa  Corporaclon,  Land-Air,  Inc.,  and  Purdua 
Unlvarslcy  alio  acquired  Dacacrona.  Wlch  an  advanced  Dacacron  205, 

Elaccrodaca  had  24  Inscallad  compucara  and  19  unfilled  ordara  by  March, 

1956.  A few  moncha  lacar,  Elaccrodaca  waa  acquired  by  Butrougha.^^ 

For  lea  pare,  Burrougha  had  begun  aleccronlc  coapucar  research  In  1947. 
Raprasaotaclvea  of  cha  company  wara  accendaaa  ac  cha  coapucar  confarancaa  and 
Burroughs,  undar  concracc,  upgraded  ENIAC  by  supplying  a new  "scaclc  oagnaclc 
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Qtnory”  fro*  Ics  Phllldelphia  Raatarch  Cantari^^  Yac  &irrou|ha  uaa  cauclouo 
la  lea  own  accaapea  to  tall  coaputara  cocaarcially.  Aa  laca  aa  1953* 

Burrougha  oplaad  chac"  [I]a  bualaoaa  cha  arlthaaaclc  la  uauaily  aoc 
difficult.  It  would  ba  of  DO  advantaga  to  apaad  up  cha  rata  of  figuring,  If 
Input,  output  and  othar  parlpharal  oparaclona  did  not  kaap  paca...(Thara  la] 
cha  oajor  obatacla  of  coat.  Tha  outlook  for  alactronlca  In  bualnaaa,  chan, 
ouac  ba  tunaad  up  In  cha  uorda  'not  yoc'.**^^ 

Burrougha  did  nonachalaea  produca  ona  UDEC  (Unltltad  Digital  Elaccrooic 
Coopucar)  for  Uayna  Scaca  Unlvaralcy  and  upgradad  a UDEC  to  a UDEC  11  In 
1055.  Tha  spaado  of  UDEC  11  wara  roughly  Choaa  of  ENIAC.  Comcaaporanaoualyi 
and  conalacanc  with  lea  vlaw  of  cooaarclally  uaad  coaputara,  cha  Burrougha  E- 
101  waa  lacroducad  In  1954  for  aclanclflc  and  bualnaaa  appllcatlona.  Tha 
Burrougha  204  and  205  aachlnaa  appaarad  In  1954  alao.  Through  chla  parlod 
Burrougha  waa  davaloplng  coepucara  under  dafanaa  concracca  and  ,lndaad,  "bagan 
to  aaek  out  dafanaa  contracta  for  which  lea  faclllclaa  and  capabillclaa  unra 
baat  sulcod  and  which  had  cha  grtataac  poatantlal  for  cotusarclal  ayactma 
devalopad."  The  major  aclnulua  for  commarclal  Intaraat  at  Burrougha  waa  chair 
‘racalpc  of  govarnmanc  concracca  Involving  praclalon  coopucaclonal  and  data 
procasalng  cqulpmenc  In  cha  area  of  flra  cjncrol,  navlgaclon,  anti-aircraft 
baccary  avaluaclon,  and  ulclmacaly,  cha  guidance  coapucar  for  cha  Aclaa 
Balllaclc  mlsalla  and  cha  data  proceaalng  ayacaoa  for  cha  SACE 
IncarconclnanCal  air  dafanaa  network. 

The  acqulslclon  of  Eleccrodaca  In  1956  algnlflad  cha  baglnnlng  of 
Burrough'a  aarloua  efforca  In  cha  cooBaarclal  narkac.  Producclon  of  Che 
Dacacron  220  began  In  1957,  with  delivery  acheduled  for  December  1938. 
Unhappily,  cha  220  waa  a alow,  vacuoa  Cuba  coopucar  cha  Incroduccloo  of  which 
caused  Durrough's  effective.  If  temporary,  withdrawal  from  che  markec  nearly 
slmulcaneouily  with  lea  flrac  aarloua  entry.  The  0825  computer,  which  was 
produced  for  governmanc  uaa  in  communcaclons  ru>nagemeac,  was  a precursor  of 
Che  B-5000  which.  In  1962,  brought  Burrougha  back  Into  che  cossaerclal  market. 

National  Ckah  Raglscer  began  experimancs  In  eleccronics  In  cha  lace 
1930's  and  waa  Included  among  chose  accandlng  cha  Hauchly-Eckerc-Von  Neumann- 
Chambers-Alkan  coapucar  conferences.  NCR  performed  clasalfled  elecCronlca 
work  for  cha  govarnmanc  during  World  War  II  and,  beewren  1945  and  1952, 
produced  a 'glanc'*  eleccro-oechanlcal  brain  for  bombing  navigational  purposes 
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under  goveroaenc  conCraeC*  NOl  eocered  ch«  geaeral  purpoee  co«puC«r  field  in 
19S3  through  Ice  ecqulelcion  of  the  Coapucer  Keiearch  Corporacion,  a Northrop 
(ubeidlary«  CEC  had  Itself  been  aupportad  by  govarnaenc  fuadad  eoacrecta* 

The  cze  1020  wee  Introduced  by  NCR  In  late  1953i  Thia  euchlna,  also 
called  the  NCR  107,  was  avallabla  at  about  tna  aaaa  ClsM  as  the  IM  701,  but 
It  roteabled  aora  tha  CNIAC  in  terms  of  coaputatlonal  speeds.  NCR  davalopad  a 
303  which  was  not  sold  because  of  Its  Inferior  performance.  Tha  NCR  304  was 
announced  In  19S7  for  delivery  In  late  1959.  It,  coo,  was  called  the  "flrsC 
all-solid  state  systea*'  and  as  noted  abova,  was  produced  by  CE  using 
cranslstorlsed  circuits  developed  and  produced  by  CE.  Tha  304  had 
cooputaclonal  speeds  that  ware  roughcly  l/50ch  of  those  of  the  ISM  7090  and. 
Indeed,  Inferior  even  to  chose  of  tha  CE  210.  NCR  subsequently  marlteced  the 
310  computer  which  was  basically  the  CDC  160  and  was  produced  by  CDC.  The  NCR 
390  and  NCR  315  of  1960  were  really  the  first  of  the  companies  own  products  In 
Che  market.  Neither  was  a scarcllng  market  succese. 

Phllco  did  not  attempt  entry  Into  the  commercial  computer  area  until  the 

aid-19S0's,  and  did  so  on  the  basis  of  govemmenc  contracts  to  develop  and 

produce  a "surface  barrier  transistor."  From  these,  a contract  was  given  for 

a craoslscorlzed  airborne  computer,  the  C-1000,  for  the  Air  Force.  Besed  on 

this  work,  Phllco  contracted  to  produce  a large  craoslscorlzed  computer  for 

Che  National  Security  Agency.  Phllco  modified  end  introduced  this  computer 

commerlcally  in  1958  es  the  TRANSAC  S-2000-210.  This  computer  was  also  called 

47 

Che  "first  large-scale  transistorized  EOF  system." 

The  calico  2000-210  represented  something  of  a quantum  leap  In  the 
computational  speeds  of  commercially  available  machines.  It  had  Che 
capability  of  nearly  30,000  scientific  or  28,700  commercial  computations  per 
second,  In  contrast  to  about  1,900  scientific  and  10,200  commercial 
computations  on  the  ISl  709  and  4,430  scientific  and  5,500  commercial 
computacloos  on  the  Uolvec  1105.  The  latter  ware  introduced  at  about  Che  same 
time.  Follow-on  2000-211  end  2000-212  machines  were  announced,  and  early  ■ 
customers  Included  Che  AEC,  CE,^^  State  of  California,  United  Aircraft, 
Chrysler,  SOC,  Aapex,  State  of  Isreal,  University  of  Wyoming  and  the  Defense 
Communications  Industry.  Core  memory  for  the  2000 's  came  from  Phllco  and  some 
software  was  supplied  by  ADR.  Phllco  lacked  the  sophisticated  peripheral 
hardware  - disc  drives,  cape  drives,  prlntara  - as  well  es  the  sales  and 
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cachoical  aalntaainca  fupport  oacateary  for  larsa  aarkac  paoacracloa  by  ch« 

2000  e«rlaa>  Ford  Kocor  Coapaay  acquired  Phllco  la  Dtcaabar,  1961,  vlch  ch« 

obJocclvQ  of  gotclog  loco  cho  apace  and  dafanaa  aaccora  of  coapucar 
49 

appllcaeloaot 

Coocrol  Data  Corporacloa  uaa  founded  by  Wllllaa  Nocrla  la  1957 • Norrla 
falc  chat  Sparry  Raod  (pravloualy  Roalogcoa  Raad)  waa  ooc  aanaglng  lea 
cooputac  opporcualclaa  la  anything  approaching  an  opcloal  way.  Ulch  ochar 
foraac  Sparry  Raad  paraonoal,  Norrla  auccaadad  la  daalgntng  and  offarlng  cha 
CDC  1604  coapucar  for  dallvary  la  I960*  Tha  GDC  1604  uaa,  chay  aald,  ~cha 
first  aolid-acaea,  larga  acala  coapucar*  annouacad*^^  By  aarly  1958,  CDC  alao 
had  aubatanclal  govaromaot  concracca,  including  a Savy  award  for  davalopmant 
and  production  of  cha  1604  which,  at  cha  claa,  waa  a 1/10  acala  prococypa.^^ 
Tho  1604  had  aclanclflc  conpucacion  apaada  in  axcaaa  of  choaa  of  cha  Phllco 
2000-210,  and  roughly  coaparabla  cosaarclal  coapucaclon  apaada*  Tha  IBK  7090 
waa  by  chan  on  cha  taarkac,  howavar,  and  cha  7090  waa  conalderably  faacar  In 
both  cypaa  of  compucaciona. 

COG  claarly  goc  inco  cha  markac  with  lea  1604,  ralylng  on  ochar 
aanufaccurara  for  oagnaclc  Capa  drivaa,  prlncecs,  card  readaca  and  paper  cape 
readara*  CDC  uaa  aided  by  govarnaanc  prlvaca  devalopDanC  concracca*  The  (DC 
160  was  announced  In  Dacaabar  1959  for  dallvary  six  noncha  lacsr,  wich  NCR 
having  excluaiva  aarkaciog  rlghca  la  cha  Uolcad  Scacaa  for  banking  and  recall 
crada  appllcaclona.  CDC  provided  aarvlca  and  oalncananca,  opened  daca  cencara 
(service  buraaue)  In  1960,  and  engaged  acclvely  In  acqulslclona.  Through 
Norris,  CDC  was  froo  cha  onaac  convinced  of  an  axpandlng  EDP  markac  wlcb 
Increasingly  sophlsclcacad  hardware  and  sofeware.  The  Q)C  160  was  followed  In 
cha  early  1960 'a  by  cha  CDC  3600  and  CDC  6600*  Tha  decamlnaclon  co 
"focus. *• rasources  and  concantraclon  on  the  compucer  business  as  such... and 
success  In  chac  business,*  and  *willlngnesa  co  cake  risks"  wars,  according  co 
Norris,  Che  liy  factors  In  CTC's  success. 

A Coaparlaon  In  tha  Use  of  Covarnmantally 
Provided  Opportunlelas;  Projacta  Whirlwind  and  SAGE 

Project  Uhlrlwlnd  waa  Inlclally  cosalsslonad  co  design  a real-clmc  fllshc 
slnulacor  co  ceach  prospecclva  pilots  co  Interact  wlch  chair  craft  and  to 
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raduca  cha  axpanaat  Involvad  in  building  actual  vnrklnj  taodala  of 
altarnatively  daaigaad  plaoas*  Tha  Aircraft  Stability  aod  Control  Anolytar 
(ASCA)  for  vhlch  tha  Spaclal  Oavlaaa  Divlaion  of  tha  0*S*  Burciu  of 
Aarooautica  contracted  vith  M«l*T«  in  Novaabart  1944,  waa  to  bo  a dorlea  which 
would  porait  a paraon  to  azparianca  tha  oovaaanta  of  an  aircraft:  tha 
lataractlon  batwaon  tha  raaponaaa  of  tha  paraon  and  tha  raaponaaa  of  tha 
aloulatad  aircraft"  cabin  warn  to  be  controlled  by  an  analog  conputar>"^^  Jay 
W.  Forma  tar,  an  alactrical  angloaar,  vea  choaan  to  head  tha  project  which  waa 
oparatad  under  tha  auapicaa  of  tha  Sarvonachaniana  Laboratory*  Forraater 
choaa  Robert  R.  Everett,  also  an  alactrical  engineer  at  M.Z.T.,  to  lead  tha 
project  with  hla.  Tha  Sarvoaechanlaa  Laboratory  had  bean  aat  up  In  1940  by 
Focreatar  and  Cordon  S*  Brown  and  conducted  work  aalnly  In  tha  arena  of  fire 
control  and  radar  ayateaa* 

An  agraeoant  between  tliZ*T*  and  tha  Spaclal  Oavlcaa  Divlaion  In  May, 

1945,  apeclfled  a budget  of  $875,000  for  tha  18  aontha  needed  for  project 
coopleclon.^^  The  ASCA  waa,  however,  never  coapleted*  Forreatar  bacaae 
rather  dlacontented  with  tha  analog  orientation  of  the  machine  aod  sought 
Information  froa  thoaa,  particularly  at  the  Moore  School,  working  on  the  C<IAC 
and  familiar  with  digital  clrculta*  The  change  In  orientation  from  analog  to 
digital  occurred  aa  a reault  of  cha  Intaractlona  caking  place  during  the  now 
famous  Moore  School  Sunaer  Course  In  1946*^^  Convarsatlona  among  aclenclsts 
and  technicians  that  helped  alter  cha  conception  of  Cho  ntachlna,  although  they 
depended  heavily  on  thosn  at  Che  Moore  School,  Cook  place  prior  to  chat  summer 
session,  and  perhaps  as  early  aa  Che  fall-winter  of  1945.^^ 

Tha  project  name  waa  changed  in  1946  from  ASCA  to  Whirlwind. 

Eleccroataclc  tubes  developed  at  M. l.T.  and  produced  In  the  Digital  Computer 

Laboratory  ware  chosen  for  storage,  although  there  was  at  least  some 

exploration  of  neon  (l.e*  cold  cathode  trionode)  technology.  Apparently  It 

was  the  Joint  N. l.T*  - Sylvanla  effort  Chat  resulted  In  tha  7AR7  tube,  the 

first  Cube  component  designed  expressly  for  computers.  This  tuba  attained  an 

average  life  of  500,000  hours,  which  allowed  cha  Whirlwind  I circuitry  to 
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meets  Its  reliability  standard*  When  coapleted  In  March,  1951,  Whirlwind  I 
was  a parallel  synchronous,  digital,  binary,  scored  progrea  coaputar  with  a 
world  length  of  16  bits*  Along  with  7AX7  vacuua  tubas  cha  machine  also 
contained  11,000  crystal  diodes*  It  could  perform  20,000  single-address 
operations  per  second*  Access  clma  Co  cha  elactrostatlc  storage  version  was 


15 


25  olcros«coadt 


This  ecessfl  Clao,  howsvar,  was  dssasd  coo  slow*  UlchouC  sa  laproveusac, 
chs  Whlrlwlad  would  noc  ho  sble  co  asst  its  csrgsc  of  50,000  slngls  sddrsss 
opsrseloos  par  sseood.  Ic  was  during  chis  psriod  chat  Forrsscar  arrivod  ac 
chs  Idas  of  using  aagnoclc  corss  for  scorsgs*  His  invsncioo  of  colncidsnC' 
currsnc  aagnseic  cors  osaory  which  dsptndsd  on  chs  rsccangular  hyscsrssis*loop 
offset  allovsd  chs  Whirlwind  Co  incresss  its  Incamal  scorags  acesss  cias  Co, 
on  svorags,  9as*  In  ordsr  noc  co  slow  ochar  aopsecs  of  Chs  Whirlwind  ProjscC, 
a separaca  "Msaory  Tssc  Coapucar”  was  built  and  by  May  1953  was  using  32  by  32 
cores,  in  a stack  of  16*  The  Haoory  Tssc  Coapucar  was  both  rtliabls  and 
fast.  In  August  1953  chs  slsccroscacie  sCorags  Cubss  of  Whirlwind  I were 
rsplaesd  by  randoa-accsss  aagnseic  cors  scorags. 

Project  Whirlwind  ersaced  chs  early  prococyps  of  chs  SAGE  (Ssaiaucoaacic 
Ground  Environaenc)  syscea  of  chs  Air  Fbres.  Had  Whirlwind  noc  pressed  chs 
scace  of  chs  art  as  far  as  ic  did,  ic  is  likely  chac  SAGE  (AN-FSQ  7)  would 
have  been  coaoleced  lacer  chan  1956,  chs  year  in  which  delivery  began. 

The  ASCA  project  agreemanc  was  between  M. I.T.  and  chs  Navy's  Special 

Services  Division  of  Chs  U. S.  Bureau  of  Asronaucics.  The  funding  was  of  Che 
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expansive  cype  prevalenc  during  World  War  II.  In  1946  che  research  and 
developaenc  organizaclon  wlchin  che  Navy  deportaenc  was  shuffled  and  resulted 
in  che  creecion  of  che  Office  of  Naval  Reserach  (ONE).  The  Macheaaclcs  Branch 
of  che  ONR  Cook  supervisory  concrol  over  che  ASCA  project  away  froa  che 
Special  Divisions  Division.  ONR  was  far  aore  cricical  of  che  Whirlwind 
Project  and  objected  Co  what  ic  seeaed  Co  be  excessive  requlreaencs  for 
funding.  The  show  down  came  when  H. I.T.  requested  $1,831,583  for  che  15 
aonch  period  becwoon  July  1,  1948,  and  SepCeabsr  30,  1949.  This  request  was 
double  one's  proposed  allocation.. Up  co  chis  cine  $2  aillion  had  already 
been  spent  by  che  Navy.  There  was  considerable  biccerness  and  ancagonlsa, 
ending  in  a reduced  allocacion,  buc  one  sufficient  Co  maintain  che  incegricy 
of  che  prograa.  For  future  years  torrescer  also  cited  sums  in  che 
neighborhood  of  a aillion  dollars  a year  as  mandatory.  Compared  Co  ocher 
’...Federally  supported  coapucer'-developacnc  programs.. .the  maximum  order  of 
oagnicude  of  costs  for  such  programs  ranged  from  half  a ailllcn  co  cwc  thirds 
of  a aillion  dollars.  Whirlwind,  according  co  concempory  esciaaces,  would 
approxlmace  $3  million,  and  an  additional  $3/4  millloa  should  be  xdded  co  chac 
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ABount  If  all  raaaareh  coata  tinea  cha  baglnnara  of  cha  ASCA  projace  wara 
Includad.^^ 

Ac  thla  Junccloo,  as  ONR  vat  backing  away  froo  funding  Projacc  Whirlwind, 
support  waa  found  in  cha  Air  Forca*  Tha  Cold  War  wat  haaeing  up*  Ijr  lata 
1949,  cha  Air  Ibrca  wat  coosancing  eo  craaca  a concinancal  daftnaa  ayataa  (co 
ba  Jointly  undarcakon  with  Canada)  and  capped  an  H«1»T.  faculty  aeabar  co  aid 
in  acruccuring  cha  probleo*  Ha  waa  apprised  of  the  Whirlwind  Project  by  a 
colleague  and  found  Chat  chare  waa  already  an  axiacing  advanced  design 
coapucer  capable  of  Che  real-ciae  application  ChaC  would  be  needed  for  cha  air 
defense  syacca*  In  1950  Whirlwind  becaae  a prococype  and  cast  facilicy  for 
S^E*  The  Lincoln  Laboracory  waa  escabliahed  at  M.I.T*  and  Whirlwind  waa 
pasted  on  co  ic  in  order  co  facillcaca  the  Laboratory  in  the  developaenc  of 
Siv:E. 

Tha  S/CE  syscea  waa  designed  co  incerprec  radar  inforaacion*  Ic  waa  a 
cooperative  effort  between  Che  U.S«  and  Canada,  If  alien  aircraft  were 
dacecced  cha  system  waa  co  selecc  Che  appropriace  inccrcepcor  aircraft  and 
deceraine  oissile  trajectories.  Tha  SACE  system  waa  also  designed  co  score 
largo  amounta  of  information  performing  in  ways  akin  to  an  accounting 
system.  Tha  Air  Force  authorized  H.I.T.  co  solicit  proposals  from  a number  of 
companies  to  aid  in  the  design  and  Implementation  of  Che  SACE  system. 

M. I.T.  recognized  Che  enormous  complexity  of  SACE.  The  Whirlwind 
prococype  would  have  Co  be  modified  to  become  "a  reliable,  repeatable, 
practical  design”  with  an  objective  "to  manufacture,  intcall  and  maintain 
several  dozens  of  the  systems  - aystema  of  unprecedented  complexity  which 
employed  heretofore  unproven  technologies".^^  Serious  deacissions  were 
undertaken  with  RCA,  Raytheon,  Remington  Rand,  Sylvania  and  I3H. 

The  risks  inherent  in  the  SACE  participation  were  of  obvious  concern  co 
IBM.  The  company  had  never  been  involved  in  so  large  and  complex  a 
project. Senior  IBM  personnel  apparently  were  embroiled  In  internal  debate. 
Including  "a  day  long  msecing  chaired  by  Mr.  Watson,  Sr.,  in  the  Board  Room 
which  resulted  in  no  progress  whatsoever  coward  a decision. Consideration 
of  Che  possibility  of  subsequent  contract  cancellation  and  the  penalities  that 
would  be  forthcoming  ware  also  entertained.  Tha  Korean  Conflict,  had  caused 
Mr.  Watson,  Sr.  to  offer  whatever  help  would  ba  appropriace  co  the  war  effort, 
was  also  a factor.  This  offer  of  help  was  not  limited  to  current  IBM 


17 


produces*  Tbfl  ISl  Osfaasa  Calcuacor  (ch«  701)  wo  not  yac  coeplacad,  and  SA!E 
waa  eaoy/'rmouily  aora  coaplicacad  and  rlaky*  ini  nooachalaaa  subalcced  a 
proposal* 

la  Occobar  1932,  H.1.T*  saleccad  lEH  Co  work  wlch  Uacola  Labs  In  Cha 
design  of  Che  SACS  dlglcal  coopucar*  In  April,  1933,  191  received  a priew 
concracc  froa  Che  Air  Force  for  sore  dacailad  design*  In  Sepceaber  1933,  a 
coocracc  was  awarded  Co  191  "co  design,  fabricace,  supporc  and  aaincain  evo 
prococype  conpucers  for  Che  SAGE  syscaa*"^^ 

191  was  noc  Che  only  concraccor  working  on  SAGE*  The  RAND  Corporaclon 
(and  lacar,  a spinoff,  Sysceo  Developaenc  Corporaclon  (SDC))  was  responsible 
for  appllcaclona  prograsalng.  Burroughs  was  responsible  for  modifying  che 
radar  signals  Inco  dlglcal  signals  and  designing  che  grid  paccams  as  wall  as 
Che  operacor's  consoles  and  display  unlcs,  and  sice  conscruccion  was  provided 
by  Wascam  Elaccrlc*  The  risk  In  becooing  Involved  In  SAGE  Is  an  essenclal 
pare  of  che  story* 


Many  of  che  concepcs  had  been  cried  only  In  a 
laboracory.  There  was  no  guarancee  191  could  hire  che 
nuabers  of  people  chac  would  be  needed  Co  carry  ouc  ics 
responslblllcles*  Failure  Co  deliver  che  coapuCers 
successfully,  because  che  project  was  so  oasslve,  could 
have  led  co  adverse  financial  repercussions  and  damage  Co 
IBM's  repucaclon*.*  e mistake  in  compucaclon  might  result 
in  accldoncal  descrucclon  of  one  of  our  country's  own 
airplanes,  wlch  che  resulcanc  financial  exposure  and 
publicity  such  an  accldenc  might  entail*  All  of  us  were 
concerned  in  19S3  about  diversion  of  key  engineering  and 
systems  persona  and  Applied  Sclece  persons  who  were 
barely  conpleClng  che  design  of  che  650,  701,  and  702. 
Moreover,  IBM,  would  need  Co  conscrucc  a completely  new 
factory  co  build  che  SAGE  computers  and  all  of  us  in  che 
highest  managemenc  group  wondered  what  wouU  happen  If 
che  concracc  were  cancelled  In  mldscream.”” 


But  SAGE  was  successful  and  re  ulced  In  numerous  InnovaClons,  many  of 
which  IBM  was  Co  use  in  Later  commercial  appllcaclons.  The  vacuum  cube  SAGE 
was  one  of  che  flrsc  computers  Co  h’ve  colncldsnc  current  random  access 
magnecic  core  storage.  Although  Ic  Iniclally  had  a capacity  of  only  8192 
words,  this  was  Increased  Co  a level  of  69,632  words.  Word  length  wee  32  bits 
and  cycle  time  for  this  parallel,  b.nary,  single  address  machine  was  6 
microseconds.  Average  operating  sp"*.!  was  73,000  inscrucclons  per  second. 
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Accordlog  CO  Oichbarc  tJurd,^^  ZEM's  parclclpaclon  In  SME  ”l«d  Co  raducod 
aanufaccurlng  coaca,  inprovad  rallablllcjr  and  aarvicaabillcy,  and  raducad  alca 
and  powar  roqulraaanCa«”  Hurd  noted  Che  followlns  aa  lEH  Innovaelona  In 
conoocclon  iflcb 

1.  cechnlquaa  Co  rapidly,  Inexpanalvaly  and  rallably  oanufaccura  core 
aeuBory, 

2.  cha  flrac  loacanca  of  coapucar-co-conpucar  calacomauoicaclona 

3.  raal-claa  alaulcanaoua  uaa  by  ovar  100  paopla 

4.  aaployoanc  of  keyboard  caralnala  for  aan*^chlna  Incaracclon 

5 uas  of  cuo  procaaaora  co  laprova  rallablllcy  atid  aarvlcaabllicy 

6*  ability  co  devolve  certain  funccl'ona  co  reaoca  locaclooa  wlchouc 
Incarferln^  with  cha  dual  procaaaora« 

7.  use  of  dlaplay  opClona  Independancly  of  dual  procaaaora 

8.  conocrucclon  conalaclog  exclusively  of  printed  clrculc  boards 

9.  Inclusion  of  an  Intarrupc  ayscea,  diagnostic  programalng  and 
oalntenance  waml^  techniques 

10*  work  within  the  area  of  associative  oanory. 

offered  ISl  Cha  opportunity  to  develop  a cadre  of  trained  cooputer 
experts  as  well  as  to  Improve  Its  manufactur  techniques.  During  the  time 
SACE  was  being  undertaken  at  Zfil  It  required  the  bulk  of  IBM's  aaployees  and 
capital  coesalcnents.^^  Hurd  claimed  that  "the  experience  which  ISM  gained 
from  Its  work  on  Che  S^E  system  was  significant  to  the  future  success  of  the 
company. 

Exactly  why  M.I.T.  chose  IBM  over  Che  other  companies  is  not  dlscernable 

from  available  records.  An  important  reason  may  be  that  IBM  had  by  that  time 
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elected  to  produce  the  701  on  an  assembly  line  basis.  M. I.T.  may  also  have 
been  especially  Impressed  with  IBM's  commlcmenc  to  high  quality  and 
reliability  and  with  the  qualifications  of  Che  personnel  In  IBM's  Applied 
Science  group.  In  any  case,  191  received  the  contract  and,  more  Importantly, 
built  on  It.  Another  company  might  have  been  selected. 

191  announced  tho  704  and  705  computers  In  1954.  While  soma  701  were 
then  Installed,  delivery  of  the  702's  had  not  begun.  Both  the  704  and  705 
used  the  SXE  related  developments.  In  particular,  the  core  memory  In  place  of 
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cub«  ssaory.  Tho  704  waa  Mvsral  claaa  fattar  chan  eha  701,  tvaa  afctr  eha 
701  vaa  rodealgned  co  provide  core  aaoory*  Dolivariaa  of  the  704  began  la 
1956*  Tho  704  waa  bj  Icaolf  regarded  aa  a "aajor  technological  laprovcaanc” 
and  a 'creaeive  oaeterpiace**'^^  Accoapaaied  aa  it  waa  by  the  FORTRAN 
prograsalng  language,  the  704  had  a aajor  oarkec  iapacc*  The  704  waa  the  IGM 
704,  no  longer  “an  IQl  UNIVAC.” 

I BN  continued  with  ita  progreeeion  of  new  producta  with  the  announcenent 

of  the  305  RAHAC  (Raodoa  Acceea  Heaory  Autooatic  Coaputer)  in  19S6«  The  305 

was  not  a great  cooaercial  auccese,  but  it  introduced  the  concept  of  a disc 

drive.  The  access  tine  of  the  350  disc  drive  in  the  305  was  200  tiaes  faster 
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chan  chat  of  the  tape  drives  than  available*  The  709  was  announced  in  early 
1957  and  delivered  to  custoaers  in  1958*  While  generally  coapatible  with  the 
704,  the  709  was  again  four  tines  faster  than  the  704  and  provided  aany  other 
technological  aud  user  iaprovaanta.  As  was  true  of  the  other  post‘-1953  vacuua 
tube  oMChines,  it  quickly  bocaae  apparent  that  the  709  would  not  be 
coaaerclally  successful  because  of  Che  advent  of  all  of  the  'first"  large 
scale  cransicorlred  eonputers. 

LARC 


In  1954  University  of  California  Radiation  Laboratory  (UCRL),  now  called 
the  Lawrence  Livermore  Laboratory,  requested  proposals  for  a computer  co  be 
some  100  tines  faster  Chan  the  ones  they  were  currently  using.  Those  in 
current  use  included  a UNIVAC  1.  The  coaputer  was  also  required  to  have  an 
upcine  of  90  percent  or  greater.  The  call  for  proposals  went  to  IBM  and 
Sperry  Rand,  aooog  others.  Within  Sperry  Rand,  the  Philadelphia  (Eckert- 
Hauchly)  group  was  unaware  of  Che  existence  of  the  proposal  for  six  oonths. 
The  Sc.  Paul  (ERA)  group  received  Che  request  and  began  on  its  own  Co  prepare 
a response.  Eckert  was  infuriated:  he  wanted  his  group  to  respond  to  the 

proposal.  Beyond  the  usual  rivalries,  he  was  particularly  Inceresced  in  this 
contract  because  'he  thought  chat  Che  conpany  had  Co  develop  solid-state 
technologies  for  the  next  cocnercial  large  scale  systems  following  the  UNIVAC 
I coaputer. Inprovenents  in  the  solid-state  toagnecic  amplifier  technology 
(officially  referred  co  by  Sperry  Rand  as  FERRACTOR  TM)  chat  had  been 
developed  in  the  early  1950 's  in  an  effort  to  improve  computer  speed  and 
reliability  offered  a pronising  route. 
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Sparry  Baad  Corporacs  sanascaanc  did  not  wane  cha  two  froupa  Co  eonpaca 
for  cha  concracc  and  afcar  conaldarabla  flghciog,  cha  Eckare  group  won  cha 
rlghc  CO  supply  cha  sola  Sparry  Rand  proposal  for  cha  UQC  (Livaraora 
Auec  acle  Rassarch  Coapucor)*  The  proposal  was  prasancod  in  iprll,  1955, 
followtoQ  cha  lEH  prssancacloo*  Tha  concracc  was  agraad  upon  bscwaoa  UCRL, 
seeing  for  cha  Acoolc  Enargy  Cocalsslon,  and  cha  Eckare  group  ac  Sporry  Rand 
In  Sapceobar,  19S5« 

Tha  Incandod  ancascor  of  cha  USiC  was  co  ba  cha  Air  Forca  Caabrldga 
Rassarch  Caocar  Coapucor  (AftSlC),  for  which  a concracC  had  baan  slgnad  beewcen 
cha  Air  Forca  and  Sparry  Rand  In  1954.  Tha  AFCRC  Compucar  was  cha  flrsc 
cooplaced  Sparry  Rand  Coapucer  Co  usa  solld-scaca  oagnaclc  aapllflar 
(FERRACTOR)  cachnology  which  had  originally  baan  casced  ac  Sparry  Rand's 
Norwalk  Lab  aarllar  chac  year.^^  Vhan  cha  LARC  concracc  was  slgnad,  Ic  was 
anclclpaced  chac  cha  AFCRC  coapucer  would  ba  a small  processor  for  cha  new 
compucer  and  chac  "coll  gaclng,"  a cechnlqua  co  Improve  cha  speed  of  Che 
FERRACTORS,  would  suffice.  Tha  Cechnlqua  was  co  employ  some  cransiscors  of  an 
early  cype  buc  co  rely  mainly  on  oagnaclc  amplifiers  since  cha  available 
cransiscors  were  expensive  and  ooc  very  reliable. 

The  final  LARC  specif Icaclons  were  ascabllahed  in  March,  I9S6,  and 
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coapleclon  was  planned  for  February  1958.  Afcer  che  scarring  dace  buc 
before  cha  specif Icaclons  were  frozen  Ic  became  clear  chac  no  loprovemencs  in 
che  FERRACTORS  would  ba  sufflcienC  Co  obcaln  Che  required  speed.  Accempes 
were  made  co  use  Che  medium  speed  cransiscors  chac  were  commercially  available 
buC  even  chose  were  coo  slow  (in  cha  1 co  S MUz  range).  Herman  Lukoff,  che 
chief  engineer  for  che  Unlvac  LARC,  acknowledges  Chac  ic  was  cowards  che  end 
of  1955  chac: 

We  scarred  hearing  rumors  abouc  Phllco's  developmenc  of  a 
new  high  speed  cransiscor,  sooeching  called  a surface 
barrier  cransiscor  (SBT).  A vlsic  co  MIT  was 
promising.  1 was  Incroduced  co  a young  engineer  by  che 
name  of  Kan  Olsen  (now  presldenc  of  Diglcal  Equipmenc 
Corporaclon)  who  had  obcalned  soma  of  cha  new  surface 
barrier  cransiscors  from  Phllco  and  was  using  chem  in  lab 
experlmancs-  Ha  verified  ChaC  Cha  cransiscors  were  fasc, 
cen  CO  chlrcy  rimes  fascer  chan  conCemporary 
cransiscors.  Philco  called  chem  30  KHz  unlcs.'^ 

When  che  final  specif icaclons  were  sac  in  March,  1956,  cha  cagnecic 


21 


aapliflar  logic  had  b«an  euparctdad  by  SBT  logic*  Alao,  cha  AFCRC  coapucar 
chac  had  been  prtauaad  co  ba  cha  inpuc-oucpuc  procaaaor  ««aa  alisloaced  aa  coo 
alow.  The  original  coacracc  prica  of  cha  LA&C  uaa  $2,850,000  but  avaa  uhaa 
chia  coacracc  tsus  aignad  ic  waa  baliavad  chac  ic  mighc  ooc  corar  cha  aocira 
coac  of  cha  LA&C.  Eckarc  uaa  coaviacad  chaC  laprovad  aolid  acace  coapooanca 
wara  aandacory  Co  all  fucura  Uaivac  ceapuCara  and  any  coac  ovarruna  would  have 
CO  ba  abaorbed  by  Uaivac.  Tha  LA&C  cocCracC  uould  halp  fund  such  of  cha 
necesaary  work  on  new  cacbnology.  Addicional  coaca  would  aiaply  hava  co  be 
born  by  cha  coopany.  Howavar,  by  che  cima  cha  apacificaciona  were  frozan,  cha 

coac  of  cha  LA&C  waa  projaccod  co  ba  ac  laaac  doubla  cha  agreed  upon 
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price.  To  apread  cha  davalopaanc  coaca,  Uaivac  concraccad  for  a sacoon  LARC 
designaced  for  cha  David  Taylor  Model  Baain. 

Noisa  and  denae  circuiC  packaging  difficulciea  uera  preening  problaas  in 
Che  LARC  conacruccion.  Coopucara  wara  uaed  Co  aid  in  cha  packaging  dasign. 
Indeed,  Lukoff  noced  chac: 

Prior  co  fabricacion,  several  enginaera  renigned  because 
chey  believed  chac  ic  would  be  isipossible  Co  wira  che 
backboard  and  chey  didn*  c wane  Co  be  associaced  wich  a 
failure.  ForCunacaly,  che  wireoen  weren'c  aware  of  che 
face  chac  ic  couldn'c  be  dona,  so  chay  wane  righc  ahead 
and  coopleced  che  work.°^ 

Memory  developmenc  was  also  a problea  in  LARC.  The  4 second  memory 
needed  a cype  of  currenc  swicch  capable  of  handling  heavy  currencs  and  rapid 
swlcchlng,  buc  che  Yourke  currenC  swicch  had  noc  yec  been  Invenced.  WichouC 
such  a swicch  che  LARC  memory  had  co  raly  upon  a more  coscly  solucion 
involving  high-curranc,  slow  cransiscors  and  special  diodes  chac  were 
developed  exclusively  for  LARC  by  operry  Rand.  Also,  magneClc  cores  wich 
che  4 3sec  cycle  cine  were  unavailable,  causing  Uaivac  co  develop  and 
manufaccure  unique  cores  for  LARC. 

LARC  was  delivered  in  I960.  The  following  year  che  second  LARC  was 
delivered  Co  cha  David  Taylor  Model  Stain  ( now  Naval  Ship  Research 
Developmenc  Cancer  ac  Cardarock,  Hd.).  All  specif icacions  were  mac  by  cha 
LARC,  buC  che  early  1958  delivery  daca  waa  obviously  missed.  Lukoff  esciaaced 
che  cocal  cose  of  L^C  ac  close  co  $19  million. 

The  posslbilicy  of  Sperry  Rand's  markacing  of  LARC's  was  discussed  in 
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lac«  1957.  It  ns  ssclasced  ChsC  perhaps  8 Co  10  ocher  LARC's  could  be  sold. 
The  sales  caapalgn  was  Co  begia  quice  lace,  however,  desplce  Che  full  page 
adverciseaoncs  In  Che  Haw  York  Tinas  and  Wall  Scree c Journal.  According 
Luhoff : 


A group  of  aerospece  exscucives  was  flown  in  free  cha 
Weoc  Coasc  CO  see  Cho  LARC  coapucsr.  However,  by  che 
cioo  Che  coapucer  was  delivered,  che  Reaingcoa  Rand 
Uolvac  sanagsaenc  had  had  ouch  a belly  full  of  pasc  grief 
chac  chey  were  In  no  aood  co  fi»ve  forward.  A decision 
was  reached  co  carry  aany  of  che  LARC  ccncepcs  forward 
loco  a new  syscea  known  os  che  UNIVAC  III  coapucer.” 

The  oajor  achlevesenc  of  LARC  was  Ics  concrlbuclon  co  syscea  concepcs. 

LARC  pioneered  In  aulcl-proceselng,  concalued  an  InpuC-outpuc  concroller  which 

was  forerunner  of  che  InpuC-ouCpuc  portion  of  modem  operating  systeas,  had 

Independent  ferrite  core  storage  to  decrease  che  syscea  access  time,  had  four 

levels  of  storage  with  different  speeds,  capacities  and  costs,  respectively, 

had  a CPU  Instruction  overlaps  feature  enabling  che  computer  to  operate  from 

different  Instructions  colncldencly  and  Included  an  electronic  page  recorder 
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to  reduce  che  need  for  paper  output.  Whether  or  noc  one  evaluates  Che  LARC 
as  a success  or  a failure  depends  on  t'le  vantage  point  from  which  Che 
evaluation  Is  being  made.  Since  no  commercial  sales  were  forthcoming.  It 
certainly  was  not  Immediate  commercial  success,  although  concepts  developed 
for  Che  LARC  were  later  incorporated  Into  machines  which  were  sold 
commercially. 


STRZTCH 


After  lEH  lost  the  LARC  contract  to  Sperry  Rand,  It  proposed  what  was 

essentially  cho  same  machine  to  AEC's  Los  Alamos  Laboratory.  The  proposal  was 

accepted  In  November,  1956,  and  the  computer  was  designed  under  che  name 

STRETCH.  From  I£M’s  point  of  view,  Che  objective  was  to  “stretch''  che  state 

of  Che  art,  “to  build  cha  fastest  possible  machine, “ “exploring  Che  unknown 

and  rethinking  sod  undeslgnlng  almost  every  aspect  of  earlier  lEM  computer 
86 

systema.'  This  objective  was  sec  even  as  Cha  704  was  In  its  early  stage  of 
Inatallacloo  and  waa  even  concluded  in  teraa  relative  to  Che  704.  The  ISl 
7030,  as  STRETCH  was  eventually  called,  was  Co  ba  “100  times  more  powerful“ 
chan  che  704.®^ 
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Uallko  SpatTj  Raodi  vhlch  had  atartad  LA&C  irlth  a coaaltaant  co  uaa  cha 

oat{aaclc  aapllflar  daalpica  Ed&acc'a  alawa,  ION  plannad  Co  uea  Craaalacora  Ir^ 

STITCH.  And  ualllie  Sparry  Bsod,  vhich  uaed  off*che-ahal£  tranaiacora  In  LiAC 

whan  oagnaclc  aapUflara  failed  co  parfora  aaclfaccorlly,  ISi  racofoltad  cha 

. PA 

nead  Co  develop  craoalacor  cachnology  Co  fulfill  STUTCU  raquireaanca* 

While  cha  Loa  Alaaos  concraec  waa  for  only  $3.5  ■illioa»  IBf  projaccad 

0 

eagioeerias  coaca  of  $13  million  and  annufaecuriog  coaca  of  $4.5  aillloo  for 

og 

cha  firac  machine. 

The  STRETCH  waa  dolivarad  Co  Loa  Alaaoa  in  April.  1961.  Ic  nay  ooc  have 

bean  100  cinaa  faaear  chan  cha  704.  ftx  indapandanc  aaciaaca  aakaa  ic  only 

abouc  37  cimaa  aa  faac  in  aeiancific  coapuaciors  and  abouc  168  cinaa  na  faat 

on 

in  coanarcial  compuaciona.  ISM  may  have  auffarad  loaaaa  of  aa  much  aa  $40.7 
million  on  Cha  projacc.^^  Buc.  STRETCH: 

1.  ucilired  radically  new  parallel  archicaccura.  pamiccing  aavaral 
operaciona  Co  ba  performed  aimulcanaoualy 

2.  aaployod  SMS  (Scandard  Modular  Syecaaa)  conponanc  technology 

3.  employed  princad  circuic  carda  and  laprovad  back  panel  wiring 

4.  included  an  8 bic  byco 

5.  reaulcad  in  graacly  improved  cranaiacora  and  the  maana  for 
manufaccuring  Cham 

6.  had  a common  mode  for  accraccing  peripharala 

7.  emphaalzed  alphabacic  characcora 

8.  combined  fixed  and  variable  word  lengch  operaciona 

9'.  used  a comblnaclon  of  decimal  and  binary  arlchaeclc.^^ 

The  firac  7090,  lEH'a  ancry  Inco  cosoarcial  cranalscorlzad  compcere  waa 
delivered  co  Che  Air  Force  - which  had  ordered  four  of  chen  for  cha  DEULINE 
air  defense  syscem  - In  April,  1959,  abouC  a year  and  a half  before  STRETCH 
was  cooplecod.  The  7090,  however,  "becaas  cha  vehicle  by  which  cho 
conpoaencry  of  cha  STRETCH  aysccm  (including  craosmission,  circuits  pluggable 
unlco,  cards,  frames,  power  auppllaa  and  maaorias]  bacama  a pare  of  cha  IBM 
produce  llna.**^^  The  componancs  of  cha  7090  ware  STRETCH  componanca  and  cha 
engineers  who  worked  .'ll  Cha  7090  cazse  dirocCly  frea  cha  STRETCH  projecc.  The 
7090  was  perhaps  ona  vhird  co  ona-alghch  Cha  apaad  of  STRETCH,  but  Ic  was  aura 
chan  cwlca  cha  sp  cd  '6  cna  Philco  2000-'210.  Fhrchar,  cha  7090  waa  designed 
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CO  ba  used  la  eoojunecloa  wlch  ochar  ISl  coepucarSt  particularly  tha  1620  and 
cha  1401|  and  quickly  avolv^  loco  tka  "faally”  coocape*  Iba  7070,  7080, 

1410,  7092,  7040,  ac^  7044  all  appeared  in  tha  oaxc  three  aad  a half  yeare* 
Abore  all,  STUTCB,  throi.th  labelled  in  the  70XX  eerlee,  waa  a direct 
precursor  of  tha  XEH  360  eerlee  of  the  aid'1960'e* 

Tha  iapetus  given  by  tha  govemaent  LAIIC  cootract  did  not  lead  Sperry 
Rand  to  push  the  technological  horlsoae  and  aggreealvely  aarkat  a 
revolutionary  new  coaaerlcal  product*  Ignoring  cha  advice  of  Eckert  and 
ochere,  Sperry  Rand  did  not  cocalc  large  eaounte  of  corporate  funds  and  accept 
the  high  risk  entailed  In  succoasful  entry  Into  cha  "second  generation"  of 
computers*  XEM  clearly  did*  Within  XBl  there  existed  a consciously  developed 
"manageaenc  by  concancion.”  Many  opposed  tha  STRETCU  project  as  they  had  cha 
701  project  a few  years  before*  Within  Sperry  Rand,  there  was  "unaanaged 
contanclousness”  chat  was  counter  productive  on  LARC  itself  and  very  costly  In 
terms  of  second  generation  market  shares*^^  Sperry  Rand  did  not  have  a 
traoslscorlzod  computer  on  the  market  chat  approached  the  speeds  of  the  7090, 
tha  Phllco  2000**210  or  the  Uoneyvell  800,  until  cha  appearances  of  the  UNIVAC 
1107  In  October  1962.^5 

V.  Strategies  In  Developing  and  Utlllting 
Altematlvea  to  the  Vacuum  Tube 


Although  the  first  electronic  computers  all  contained  vacuum  Cubes  as 
active  elemoncs,  the  reliability,  power  requlrementa  and  physical  size  and 
hoac-goneraclng  properties  of  Che  tubes  were  always  acknowledged  to  be  severe 
technical  llmlcaclona*  When  asked  about  EMIAC  prior  to  Its  operation,  Enrico 
Ferial  predicted  It  would  not  run  for  five  minutes  because  of  tuba 
problema.  The  switching  speed  of  vacuA  tubes,  which  at  Che  outset  enabled 

A* 

electronic  coaputers  to  perform  operations  more  rapidly  chan  an  existing 
elect roeechanlcal  computational  devices,  quite  quickly  came  to  be  viewed  as  a 
llalclng  feature* 

A variety  of  alcemacive  technologies  to  replace  cha  vacuum  cube  were 
pursued  before  cha  dominance  of  the  tranalscor  as  the  fundamental  computer 
componenc  was  universally  recognized  in  approximately  1958-1960*  Seme  of 
these  alcemaclves  invclvcd  different  types  of  tubes  of  which  cha  chyratron,  a 
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hoc  flluoac  eubo,  cod  cha  crlooodc,  c ocoa  gca  cold  cacboda  Cuba,  era 
ascoploa*  Oehar  alcerncclvaa  Involved  varloua  ochar  fona  of  aolld-aeaca 
cachaoloslea,  wlch  coat  effort  being  devoted  to  oagnetic  oapllflara* 

The  choice  aade  b^  tha  participenta  in  cha  ncacant  coaputar  lnduacr7  ea 
CO  which  cachnologlea  In  which  to  Inveat  wera  crucial  In  ahaplng  the 
induacry.  The  varloua  partlcpanca  In  the  Induatry  aelaceed  a variety  of 
tachnologloa  to  purauet  Sosa  ware  dead  enda,  aocM  were  viable  ceehnologlea, 
and  ochera,  prloarlly  in  cha  tranalator  category,  were  auccaaaaa. 

The  role  of  Che  govomaenc  In  che  developeenc  of  vacuua  cube  coaputar 
cachoology,  particularly,  but  not  exclualvely,  aa  a conaequence  of  aillcacy 
procureaent  policy,  la  frequancly  acknowledged*  What  la  often  overlooked, 
however,  la  cha  Involvenenc  of  che  govemaenc  In  che  variety  of  cachnologlea 
chat  were  puraued  aa  alcemaclvea  Co  cha  vacuua  tube* 

Thyrecroaa. 

Thyrecrona  are  hoc  fllaafoc  geo  cubea  chat  are  able  to  handle  owre 

current  wlch  leaa  phyaical  alze  chnn  vacuua  Cubea*  Generally,  a eaallar 

nuobor  of  chyracron  cubea  are  oacoaaary  Co  perfora  che  aaae  acclon  aa  would 

required  if  vacuua  cubea  were  uaed*  Both  Cypea  of  Cubea  have  Che  dlsadvancage 

of  large  alze*  Thyrecrona  were  uaed  aa  councera  In  che  I930'a,  flrac  in 

England  and  Chen  In  cha  United  Scacea.  A paper  by  Wynn-Wllliamo  ac  che 

Cavendlah  Laboratory  in  Caabridge,  England,  explaining  hla  uae  of  thyrecrona 

In  counting  clrcuica  waa  mencioned  by  Joseph  Desch  and  Robert  Mumnui,  boch  ac 

Naclonal  Cash  Raglacer  In  cha  lace  1930' a,  aa  having  had  an  laporcanc  Lapacc 
97 

on  cheir  research*  Desch  and  Huzaoa  coapleced  a working  model  of  an 

98 

accuoulacor  using  thyrecrona  ac  NCR  In  December  1939.  and  NCR  holds  patents 

go 

on  the  first  electronic  calculators  using  chyracrons  In  electronic  counters. 

Due  to  che  dlsadvancage  of  large  size,  mlnlacurlzaclon  of  chyracrons  was 
stressed  by  Desch  and  Hunoa.  MlalacurizeCj>.oa  provided  boch  devise  compaecness 
and  Increased  speed.  Desch  bullc  a tube  laboratory  to  focus  efforts  on  cube 
design  and  evencually  bullc  a high-speed,  low-gas-pressure,  alnlacure 
chyracron  which  produced  good  yields.  Government  Involvement  In  NCR's 
chyracron  technology  waa  coordinated  by  Warren  Weaver  In  che  Office  of 
Scientific  Research  (OSR)  of  che  NaclonaJ  Defense  Research  Council  (NDRC). 
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Tho  ovarall  chrusc  of  cho  0S&  roaaarch  afforts  uaa  dlrocced  to  building 

an  alectroole  differaaeial  aaalyaar*  Alchough  InforBacloa  on  apeclflc 

accrlbucaa  of  tba  thyraerona  davalopod  by  Hd  and,  in  particular  loforaaeloa 

on  cha  olalaturlaad  thyraerona  Nd  davalopod,  waa  dlracted  to  tha  Of flea  of 

Sciantlfle  Raaaareh  of  ND&C,  ehla  lofonatloo  taa  aharad  aaong  atnbara  of  a 

coEBilccee  foroad  by  Warran  Waavar  to  axchaogo  tachnologlcal  poaltlooa  and 

ioforaatloa  coacomlog  cha  dovolopsant  of  an  artlllary  coaputer  for  NDRC* 

Maabara  of  cha  coealccaa  Included  the  Araour  Corporation,  K*I«T«,  Nd,  Eaacoan 

ao 

Kodak,  Ball  Labo  and  RCA.  ' In  addition  to  an  aarly  chyracron  councar  uaing 

ttlolacura  thyraerona  built  for  NCR,  an  Nd  tbyratron  alactronlc  calculator  waa 

deaonacracad  at  fhral'a  project  at  cha  Unlvaraicy  of  Chicago.  Abardaan 

Proving  Ground  alao  obtained  an  Nd  chyracron  alactronlc  calculator.  J.P. 

Eckarc  ucta  awra  of  Cha  Nd  chyracron  counear  and  iodaad  avaluatad  it  along 

vich  RCA  ring  counter  and  Lewie  ring  counter.  For  cha  ENIAC  Eckarc  choaa, 

100 

however,  to  adopt  naichar,  deaigning  hia  own  decade  ring  counter  inatead.* 

Deech  and  Mubbsi  elaia  that  Nd  planned  a eoaputer  haaed  on  chyracron 
technology  but  chat  World  War  II  iocerferad  with  chose  plana. This 
coapucer  waa  co  have  been  able  to  add,  subsCracc,  nulciply,  and  iaporcancly, 

CO  divide  and  they  referred  co  ic  aa  patent  Model  #3754.  They  did  tile  a 
pacenc  for  a binary  coapuCer  capable  of  addition  and  aulciplicacion  in  March, 
1942,  %fhich  waa  isaued  in  July  1946  (Pacent  nuaber  2,404,697).  A revised 
version,  uaing  fewer  Cubes,  was  also  pacenced,  aa  a nuaber  2,398,150.^^^ 

During  Che  war  Nd  worked  ezeluaively  with  cha  Navy,  chat  work  ending  in  1946. 

By  1950  Desch  and  Mussaa  recognized  chat  their  approach  co  cal:ulacing 
could  not  coopeca  with  scored  prograa  coopuCers.  Fbr  chis  reason  they 
racocaended  it  would  be  advancageoua  Co  Nd  Co  purchase  a coopsny  wich  an 
already  existing  coapucer.  Desch  and  Mmaoa  began  negoclacing  wich  Eckerc  and 
Mauchly  (Desch  and  Hunaa  were  particularly  ioceresced  in  chair  aercury  delay 
line  ssQory)  buc  loac  ouc  co  Raalngcon  Rand.  Desch  and  Muaiaa  also  acceapeed 
CO  gee  Nd  to  purchase  Engineering  Research  Aseociaces,  but  they  could  not 
convince  Nd  aanegeaenc  of  Che  B»rics  of  their  proposal.  Finally,  Nd  bought 
Coapucer  Research  Corporaciou  (CSC),  a Northrop  Aircraft  spin-off,  in  1952. 
Prior  CO  Che  dC  acquisicion,  Nd  had  in  developoenc  a machine  called  NEAM, 
Nacional  Electronic  Accounting  Machine.  According  to  Jerry  Mendelson,  ona  of 
Che  Incoming  dC  group,  chis  was  co  be 
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tflsaatlAlly  « pAp«r  up«  Aiuilot  of  on  XEM  cob  oyocta*  Xc 
hod  a papor  capo  InpuCi  ao(aacic  eopaa  for  iacarcadlaca 
•coraga,  ocd  choy  wora  going  to  hava  a aorcac  and  a 
collaeor  and  do  evarychlog  oa  papar  eapa  vich  a aagnaelc 
capo  tacaraadloea  acocoge*  Xe  waa  Incradibla  baeauaa  ae 
e'iUC  clxu  at  C&C  wa  wara  raeordlng  124  blta  co  eha  laeb» 
and  chay  wara  raeordlng  16  blca  Co  cha  Inch  in  aagaaclc 
raeordlng)  and  chac'a  bow  chay. vara  going  co  build  an 
aleccroolc  accounclng  oachlna*^^^ 


Moac  llkaly  chla  KEAM  waa  co  hava  uaad  cbyracrona,  hue  cha  aachlna  waa  navar 
builc* 


Tha  only  aachlna  cocao rclally  siorkacad  by  NCK  chac  accually  uaad 
chyracrona  waa  called  cha  Coapucronlc*  XC  waa  noc  oarkacod  uncU  1959.  Why 
ic  waa  oarkacad  ac  all  ac  chla  dace  la  a oyacary*  Daacb  and  Huaoa  clala  chac 
by  Chla  cl:a  Chay  had  realized  cbo  doalnanca  of  cranalacora  and,  Indaad,  cho 
cwo  of  chea  clala  raaponelblllcy  for  cha  face  chac  cha  NCR  304,  Incroducad  In 
•Joveabar,  1939|  waa  a cranalacorlzad  aachlna. The  Coapucrolc  waa  probably 
a finished  produce  well  bofora  1959  buc  due  co  incernal  disagreeaanc  was  noc 
aarkacen  prior  co  chaC.  Tha  Coopucroolc  used  nloiacura  chyracrona  and 
conaiaced  of  a csulcipllar  Clad  inco  a bookkeeping  oachlne.  NCR  sold  4,246  of 
cha  onchlaao  ac  a price  of  $13,000.^^^  Cosaanclag  on  cha  oinlacura  chyracron 
cubes,  noc  on  cha  Coapucronlc  iCaelf,  Oasch  nocad: 

And,  X chink  wo  finally  did  gac  aora  raliabilicy  ouc  of 
gas  cubos  chan  you'd  ever  axpecc  co  gac.  Of  course,  wa 
were  always  ridiculed  preccy  ouch  by  chase  ocher  people 
abouC  cha  raliabilicy  of  gas  cubes,  and  chay  choughc  wa 
ware  on  cha  wrong  erect.*®® 

Why  did  NCR  fail  Co  Cake  advancaga  of  ics  early  opporcunicy  in  cha  field 
of  alaccronic  calculaCors?  Kendelson  believed  chac  in  cha  1930 's  NCR  had 
'vary  elaboraca  coopucing  davelopoenc  acclvlcy  in  alecCronics  and  never 
exploited  ic.'^®^  In  face,  he  believed  iC  never  goc  ouC  of  Che  NCR 
laboracory.^®® 

Henry  Tropp  opined  chac:  Tha  National  Cash  Ragiscer  Coapany  offers  a 

particularly  Incrlgulng  Induscrlal  'alghC''hava**baan.'  NCR  actually  had  an 
eleccronic  coapucing  device  conscruccad  during  cha  lace  1930' s.  Ic  was  a high- 
speed arichaacic  oachlne  which  could  add,  subscracc  and  aulclply 
elaccronically,  and  presuoably  this  xschlna  could  have  bacooa  cha  first 
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coetMrclAl  «l«ccroiiic  coapucar  had  cha  Coapany  trlihad  to  ploator  la  this 
fltld.  Bovovor,  NCSL  uoasesaat  waa  not  incaraaead  la  aucoaatlc  eoapuclas  par 
aa.  but  aaly  la  InproTloQ  lea  esiaclos  Una  of  offlca  aqulpoane*  ia  a reaulc, 
ic  dlroccod  lea  raoaarch  afforea  eo  auch  aeelvlelaa  aa  datlgolnf  aad  building 
a nav  Lloa  of  mull  ehyraeron  eubaa.^^^ 

Tha  aaoageiaane  ae  NOL  waa  raapanalbla  for  eha  aoo-azlteaoea  of  an  early 
cooaarcial  coapuelog  davlea,  for  eha  aogluaarlng  capabllley  of  auch  a aachloa 
had  boon  dooaooaeraead*  lodaad,  Oateh  noead  ehae  “eha  rtaaoo  for  building 
[working  aodala  of  ehyracron  aceujwlteora  eo  ba  uoad  In  lacar  tlaceronlc 
calculaeora]  waa  eo  prova  eha  operabllley  of  eha  concape  bacauaa  ae  ehla  polne 
[Dacaabar  1939]  tuoagaBaoc  waa  noe  vary  alaceronlcally  orlaoead*”^^^  Oaach 
and  Muoaa  proparly  focuaad  rataarch  afforea  on  euba  daalgn*  Evancually 
Daach'a  euba  lab  no  laager  noadad  eo  build  lea  own  nlnlacura  ehyraeroos  aa 
Sylvania  bulle  eha  eubaa  for  chan.  Subaaquanely  Daach  and  Mmaaa  uaed  eha 
fldnacura  chyraerooa  ehae  ware  on  cha  taarkac  (2C4,  a 6-volc  Cuba,  and  6D4  and 
21/2«vole  Cuba)  and  had  acandard  aockaca*  Ze  apptara  ehae  cha  war,  and  cha 
eubaoquaac  divaralon  of  NOl  eo  utar«ralacad  work  for  cha  Navy  focualog  on 
cbyracrooa,  rachar  chan  cha  dacialon  eo  Invaac  In  alnlacurleacloo  of  cbyracorn 
cubaa,  una  in  pare  raapoaaibla  for  cha  failure  of  SCR  eo  markac  an  early 
ehyracron  alaccroolc  coapucar.  Ocher  axplanaclona  Involve  lack  of  foraaighc, 
but  la  ehls  NCR  oMaagananc  la  clearly  ooc  alone.  According  to  archival 
oacerlal  "IDl  anglnaara  aubalcced  an  Incarnal  report  In  1939  Indlcaclog  chair 
coafldonco  la  cha  faaalblllcy  of  auch  an  [alacCroolc  calculator]  davlca.** 

This  laforoaclon  la  baaed  on  an  Incarofflca  Maao  ae  lEH,  wrlccan  by  J.U. 

Bryce,  diced  January  16,  1939,  in  Cha  Uolvaralcy  of  Ponnsylvaala  archivea;  Ic 
scacta : 

Balow  I aa  aubolcclng  a auaaary  of  whac  I hava  bean 
davaioplng  for  IBM:  Wa  hava  bean  carrying  on  an 
Invosclgaclon  in  connaccion  with  cha  dcvelopaanc  of 
coopuclng  davlcaa  which  do  not  oaploy  the  usual  adding 
whaols,  but  loacaad  use  alaccroolc  af facta  a^  eaploy 
tubas  alallar  to  chose  uaed  In  radio  wock.^^^ 

Anocher  IBM  Incarofflca  Maao  of  January  112,  1944,  froa  J.  L.  Wagnar  as  a 
*Requaac  for  $6000  for  work  on  an  alaccronic  coepuCar.'*^^^  And  J.V. 

Acanasoff,  wrlciof  in  1940,  coaparad  "vacuua-Cuba-coacrollad  spark  colls, 
radio  frequency  < 'claled  area,  and  ehyracron-concrollad  dlschargts  "for  usa 
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In  alecerlcnl  punching  and  reading  eyeteaa  and  pcafarrad  Cha  chyraeroa" 
concrolled  diachargae.^^^ 

Xhoca  is  roaaon  to  believa  chac  a larga-aeala  alaecrooic  coaputoc  built 
by  cha  Erieiah  as  a crypeanalycie  oachioa  during  World  War  II  cod  known  as  cha 
Coloaaua  used  chyracron  ringa  as  councara*  According  to  Brian  Randall* a 
racanc  annocacad  bibliography, a new  book  on  cha  World  War  II  crypcanalycic 
Bschinea  by  B>  Johnaon^^^  acacaa  thac  one  auch  aachina,  known  at  cha  Coloaaua, 
uaod  chyracron  ringa*  A coapucar  coaplacad  in  1956  ac  Pannaylvania  Scaca 
Univaraiey  in  Univaraicy  Park,  Pannaylvania,tha  PENNSTAC,  which  waa  aiailar  Co 
cha  l&i  650  wichouc  poripharal  aquipmant  and  with  an  IBl  650  nagnacic  drua 
acoraga,  was  alao  conacruccad  uaing  chyratrona* 

Trionodaa. 


Triooodea  ara  adniacura  bi-tcabla  oaon  gaa  cubaa*  A Trionoda  contuaaa 
far  laaa  power  chan  a vacuua  Cuba,  la  only  a fraction  of  tea  also,  and  has  a 
longer  axpaccad  lifacioa.  Ic  appeared  to  have  potanclal  coac  advancagaa  over 
cha  vacuia  Cuba*  Clann  Hagan,  whoaa  craining  waa  in  phyalca  and  oachcBscica, 
and  Charlaa  Willlana,  whoaa  craining  waa  in  alaccrical  anginaering,  davalopad 
cha  oiniacura  bi-acabla  neon  gaa  Cuba  which  Chay  nasad  a crionoda  ac  Horchrop 
Aircrafe  under  govamaanc  funded  reaaarch  in  cha  lace  1940’ a*  Wich  cha 
addicion  of  reaiacora,  chia  Cuba  funecioned  as  a flip  flop*^^^ 

Daapice  cha  faacuraa  of  cha  cold  cachoda  crionoda  which  appeared  co  offer 
advancages  as  coopared  wich  convancional  vacuua  cubes,  no  coDpltCe  coopuCer 
oade  of  crioQodas  waa  aver  osnufaccurad*  Scaall  pares  of  coapucara  (i*a., 
accuaulaCors)  ware  puda  of  crionodas,  howavar,  and  ware  acCually  denonacraced 
ac  Che  Associacion  for  Coapuciog  .'iichtaary  (ACM)  Confarenca  held  ac  RuCgera 
University,  March  28-29,  1950.^^^ 

For  a period  of  cia«  in  cha  Laca  1940 'a  Cha  neon  cube  cachnology  was 

being  pursued  as  an  slcamsciva  Co  vacuus  tuba  cachnology  ac  Norchrop  in 

coonaccion  with  Chs  Air  ^rca  SMARX  oiaaile  Guidance  projacc*  While  cha 

Increoancal  Slops  Coapucar  project,  as  wall  as  cha  KADOIDA  (oagnacic  drua 

di.f farencial  analyzer)  projacc,  were  underway  ac  Norchrop  with  cha 

coQvaacionaLl  vacuus  Cuba  cachnology,  Hagan  and  Williaas  vara  paralleling  chase 

t 

projacca  wich  chair  own  crionoda  cachnology  research*  Evancually  cha  neon 


30  - 


cub«  cachnolofiy  was  abaadonad*  Th«  problaaa  vlch  ch«  oeoa  Cuba  cachoolocr 
chat  raeiflCad  affeeclva  aolucioo  lovolvad  cha  seaclatlcal  proparclas  of  cbo 
naoo  Cuba  iccalf*  A cold  cachodo  Cuba,  aa  cha  oaoo  Cuba  la  alao  kaovn,  “flroa 
or  aoc  whaa  you  puc  cha  acarclog  volcaga  oa  le  [dapaodioi]  largaly  [on] 
whaehar  or  ooc  a coaole  ray  tilca  ic  or  aooachlng  crlggara  ic  off  aod  le 
doaaa'c  alvaya  criggar  off  ac  cho  aaca  volcaga*”^^^  Baaldaa  Cha  coasdc  ray 
probloa,  a cold  cachoda  Cuba  can  alao  ba  crlggarod  by  ulcravlolac  fro* 
fluoroacanc  laapa.  According  co  Daach  and  Munoa,  cha  acaclaclcal  proparclaa 
of  cha  cold  cachoda  Cuba  wara  ooc  known  ac  cha  claa  Hagan  aod  tfllllaaa  wara 
working  on  ch#a.  Thay  vara  only  fully  uodaracood  around  1970#^^^ 

Tha  naln  problca  connaccad  wlch  cha  crlonoda  waa  building  cha  Cuba 
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icaalf.  According  co  Hagan  ha  had  co  rajacc  90  parcanc  of  cha  cubaa  chac 

ha  haod-bullc  bacauaa  chay  did  noc  flc  apaclflcaclona*  Ha  clalsad  chac  If 
Norchrop  (or  a glaaa  oanufaccurar)  had  Invaacad  $100,000  in  a aachlna  co 
produca  cha  glaaa  cubaa,  auch  a aachlna  would  hava  baan  abla  co  aanufaccura 
crlonodaa  cheaply  aod  reliably. 

Tha  clalog  of  cha  loranclon  of  cha  crlonoda  waa  alao  pare  of  lea 
ptoblea.  Hagan  clalaa  chac,  "If  cranalacora  hadn'c  been  hoc  on  our  haali,  1 
chink  wa  could  hava  Incaraacad  cha  aanufacCurar  In  oanufaccurlng  choaa  aorc  of 
cubaa,  which  would  hava  changed  cha  couraa  of  hlacory  a llccla  bic  ac  chac 
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polnc,  bacauaa  chay  would  hava  baan  a loc  aora  rallabla  chan  vacuua  cubaa." 

Alchough  Norchrop  funded  cha  naon  cacbnology  chiefly  looking  for 

nlniacurlzaclon  in  connacclon  wlch  lea  Air  Fbrca  olaalla  guidance  concracca, 

cha  probleaa  in  cube  producclon  cauaad  Norchrop  co  aall  cha  pacenc 
I 21 

rlghca.*^''  Thaaa  rlghca  ware  aold  co  Cha  Ualklrc  Corporaclon  which  never  made 
a commercial  aucceaa  of  cheea  cubaa  alchar.  Undoubcadly,  ona  of  cha  probleaa 
wlch  chaaa  naon  cubaa  waa  ooc  alaply  chac  chay  wara  dlfflculc  co  manufaccure, 
buc  chac  chay  had,  aa  oencioaod  above,  aCaclaClcal  crlggcrlng  proparclea  which 
were  ooc  yac  recognized.  In  aumauirlzlng  cbe  inveoclon  of  che  crlooode,  dageo 
concluded: 

Ic  waa  uaforcunaca  chac  cranalacora  wara  acarclng  co  coaa 
In  chan,  bacauaa  had  cha  craoalacor  baan  delayed  a few 
aora  yaara,  chay  would  have  bullc  large  coapucera  ouC  of 
crlonodaa,  bacauaa  chay  were  paamic<*alzad  and  conaunad 
far  leaa  power  chan  cha  vacuua  cubaa  ...  chay  wara 
[deaplca  carcaln  dlaadvancagea]  vaac  laprovaaanca  over 
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vacuua  cub«e* 

Fluid  Apllflart. 

la  Mrly  IMO  Cba  Dlaaood  Ordiaanc*  Aisa  Laboratory  la  Uaablogcoa,  D«C« 
Invaactd  a purt  fluid  aapllflar  that  it  elalMd  waa  tultabla  for  coaputara  or 
control  davlcaa*  Thla  control  davlca  uaad  althar  gaa  or  liquids  ratbar 
than  alactrlc  currant  and  porfonaod  functlooa  Identical  with  alactronic 
clrculta.  Oaaplta  tha  acknowledged  alow  apaad  of  thla  aapllflar,  it  waa 
aaaerted  to  be  very  rugged  and  able  to  operate  at  high  ceaparatucaa*  There  waa 
no  actual  uaa  of  this  device  la  coaputer  hardware* 


Magnetic  tepllflera* 

The  exlitonce  of  nagnetlc  aapllflera  and  the  knowledge  of  their 
properties  within  the  purview  of  the  international  scientific  coaounlty  before 
World  War  II.  Ceraany  oade  direct  use  of  these  solid  state  devices,  but  they 
found  very  Halted  application  In  most  other  countries*  The  llaltatlon  of 
tonnage  on  battle  ships  provided  for  In  the  treaties  of  World  War  I spurred 
Che  Germans  to  Investigate  alcemative  technologies  Intensively  In  an  effort 
to  increase  the  reliability  of  naval  firings  with  nlnlaua  weights* 


It  soeoa  that  It  was  soaewhat  aore  than  difficult  to 
Introduce  this  new  [magnetic  aapllflar]  technology  to  the 
Aaerlcan  engineering  storehouse,  and  It  took  the 
activities  of  our  erstwhile  eneales,  Che  Germans, -to  sell 
Che  United  States  on  the  Ideal  of  the  use  of  magnetic 
aopllflere.  When  It  wns  learned  chat  the  reliability  and 
malncenanca-f reo  operation  predicted  for  these  circuits 
were  being  obtained  In  the  German  war  machine  [magnetic 
amplifiers  were  used  on  German  battleships  to  control  the 
firing  of  guns],  considerable  activity  was  Instigated  In 
Che  United  States  to  develop  these  circuits  for 
application  hare*  First,  new  and  laprovad  magnetic 
materials  and  rectifiers  were  developed  for  the  existing 
circuits,  and  research  and  development  was  carried  on  to 
deteraloa  the  most  advantageoua  circuit  configurations 
for  various  applications*  ^ 

After  Che  war,  many  applications  wars  seen  for  magoetlc  amplifiers* 
These  Included  their  use  In  servo-aapllflers,  tcaperature-nneasurlng  devices, 
regulators  of  spoed,  voltage,  and  frequency,  d**c  amplifiers  and  modulators. 
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fr«qu«aey  roducors  «od  oulcipllsra,  audio*'  aad  cadlo-fraquoaey  aapliflora, 
erlg8*r  Bultivibraeor  clrculcs,  dalay  lioaa  and  aaaocy  davlcea***  Saaay 
ot  Baain4(Coa  Eacd,  vroco  a papor,  publlahad  In  1992,  in  cba  ^rlean  Inaelcuea 
of  Elacerical  Tranaaetlooa  aaticlad,  "Tha  Slngla^Cora  Macnacie 

itopllflara  aa  a Conputar  Elaaane*”*^  Whan  eoaparad  co  vacuua  tubatf  nagnacic 
aapliflara  had  aany  advancagoa*  Tbay  wara  aubacancially  nora  rugged  chan 
vacuua  cubaa,  and  had  luch  longoc  llvaa*  They  wara  baaieally  "aanaiclva, 
high~galn,  hlgb-apaad,  varaaclla  davlcaa  capabla  of  dalivarlng  largo 
quanciclaa  of  power  afflclancly*”^^^  Howavar,  ooa  drawback  chat  aagnacie 
aopliflara  had  waa  chac  ebay  wara  nora  or  laaa  conacrainad  co  oparaca  on  ooa 
or  cvo  of  chaaa  accributaa  at  a claa*  Raaay  baliaved  chac  "[elha  appllcaclon 
of  aagoaclc  aapliflara  la  only  cha  begianing."**'  Ooa  arcicla  elaiaa 
raliabillcy  co  be  cha  foraaoac  advancaga  of  cha  taagnacie  cora  aaplifiar* 


Thera  la  oochiog  Co  woar  ouc  and  cha  accual  conponanea— 
coila,  reaiacora  and,  pechapa»  aacal  raccifiara*>aro  faw 
in  nuabar*  The  davlcaa  oparaca  dlracc  Iron  an  a.c* 
supply,  wlchouc  Incanaadlaea  hlgh-Ceoalon  racelflara,  and 
Chora  afflclaocy  la  high,  of can  axcaadlog  90X« 

Physically,  magoacic  aapliflara  are  soall  and  chay  can  be 
mada  vary  robuac.  Thay  ara  ralaclvaly  Inaanaielva  co 
ceaporacura  changoa  and  hava  no  uaralngmp  cine, 

Magooclc  aapliflara  oporaca  by  vlrcua  of  cha  face  chac 
Che  Induccanca  of  an  Iron-cored  or  farrlCa-cored  Induccor 
can  bo  varied  by  changing  Cha  nagnacic  sCaCa  by  sieana  of 
a signal  curronc,^'*^ 


The  general  dlsadvanCages  of  nognecic  aapllfiers  is  a slow  response  co  signal 
changes,  SooociQas  chair  weighc  la  aleo  a problem. 


Treoaiscore,  by  vircure  of  chair  efficiency,  eaall  size 
end  face  response  ara  obviously  Cha  nagnacic  aaplifiar* a 
blggosC  rival,  Howavar,  uncil  craneiacora  are  equally 
reliable,  drlfc-free,  able  co  handle  large  powerg,  end 
operace  ec  higher  cenperecuree,  they  will  not  be  a 

eorloua  chreac  co  cKa  negoeclc  eapllfter  in  many  j 

applicaciona.  In  any  caaa,  cha  cvo  davlcaa  nlghc 
proficably  ba  conblned  in  a aingla  aquipnanc.  This  has 
alraady  bean  dona  co  a llniced  excanc, 

Tha  ocher  device  which  coopecee  wlch  cha  nagneClc 
aaplifiar  is  cha  chyracron.  This  la  efficionc  and 
capabla  of  handling  high  powara,  hue  suffers  frea  cha 
usual  dlsadvancegea  of  chamlonlc  valvaa,  Tha  Cwo 
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dtvlcaa  «r«  coBaciMt  used  eogathor 


Tha  JuaecloQ  ertaaltcor  la  a poeancial  rival  la  chat  it 
la  coapact,  aiilelaoCt  oachaalealijr  acroo^  aad  (probably) 
rallabla*  It  haa  cha  additional  advaneagaa  of  light 
waigbtf  a graatar  input  raalatancat  and  a hlghac  apaad  of 
raapooaa*  At  praaant,  tha  traoaletor*a  taaparatura 
llaltatlona,  and  tha  rathar  raatrlctad  ranga  of  avallabla 
typoB  ara  ouiflclaot  to  axcluda  It  ttom  thlaflald 
Icontrol  ayataaa],  but  If  aubia  traaalatora  capafala  of 
controlling  atlaquata  amounta  of  powar  bacoaa  avaliabia, 
tha  hayday  oil  tha  Mgaatlc  aapliflar  will  ba  ovar«  la 
iaaa  critical  applicatlona,  tna  magnatlc  aapiliiar  la  ac 
a dlaadvantaga  br  raaaon  of  tha  lack  of  a ataodard  ranga 
of  tranaduetora*^^^ 

Raaearch  by  U*S«  conputar  coapaolaa  la  cha  araa  of  oagoaclc  aapllfltra 
waa  Boat  accivaly  cooductad  by  Raaay  at  Raalngton  Rand,  although  Logiacica 
Raaaarcb  Corporation,  Burrougha,  Raytheon  and  IBM  »ara  all  to  aoaa  extant  alao 
Involved.  Apparently  IBM  waa  aware  of  Realngton  Rand'a  uaa  of  sagneclc 
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aapllfiera  aa  both  eapllfiera  and  coaponanta  of  data  proceaalng  clrcuita. 
Inforaacloo  about  Realngton  Rand'a  oagoaclc  aapliflar  raaearch  waa  publicly 
available  in  cha  Digital  Coaputar  Sewaletcer  and  perhapa  In  ocher  public 
aource  aa  well. 

Realngton  Rand  held  oeveral  U. S.  pacenta  which  Involved  Che  use  of 
oagoaclc  aaplflera  aa  bl-'acable  devlcea  auicabla  for  acoraga  and  in  a ring 
counter. There  ware  alao  two  French  pacenta  granted  relating  to  oagoaclc 
aapllfiera.  Ooa  Involved  cha  uae  of  oagoaclc  aapllfiera  In  a colcldenc 
curculc  td^lch  could  ba  uaed  In  daca  proceaalng  curculCa:  Che  other  related  co 

cha  oagneCic  aapliflar  Itself.  The  paceocs  Realngcon  Rand  had  were  assigned 
CO  chea  by  Raaay.  It  was  anclclpaced  by  Chat  Realngton  Rand  would 

conclnua  Its  locareac  In  oagnoclc  aapllfiera  and  obtain  addlclooal  pacencs, 
particularly  for  the  uaa  of  oagneclc  aapllfiera  aa  daca  proceaalng 
coaponencs.  *Thla  la  predicted  on  certain  pronounceoencs  oade  in  Che  public 
press  aa  co  various  developoenca  In  this  area.'^^^ 

Realngton  Rand  and  Logistics  Research  Corporaclon  ace  the  only  coapucer 
coopanlea  In  the  (Jolted  Scares  co  have  engaged  In  oagneclc  aapliflar  research 
and  co  have  built  and  oarkeced  a cooputer  using  oagneclc  aapllfiera. 

Burrougha  built  a oagneclc  aapliflar  coapucer  known  aa  che  Burroughs  Lab 
Coopucer  buc  It  was  not  cosoarclally  oarkeced.  In  London,  Elliot  Brothers 
LTD.,  and  Tokyo,  Hitachi  Ltd.,  oarkeced  cooputers  based  on  oagneclc  logic 
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cachnolofijr.  la  Polfiodt  eha  Poliah  Nuelaar  laaaareh  loscicuca  «xid  Uaraav 
Tacholcal  UolToraicy  also  built  a aasoatic  aaplifiar  coaputar  but  It  waa  not 
for  cocaarlcal  uao*  In  all>  at  laast  oioa  dlffaraot  oagnatle  aaplifiar 
coapucara  wart  avallabla*  TUaea  aachlaa  warat  (1),  tha  AFQIC,  (Air  Forca 
Caabridga  Raaaareh  Caatar  Coaputar)  oada  laaingtoo  Rand,  (2)«  tba  UaiTae 
Solid  Stata  Coaputar  (80~coluaQ*eard  and  90**coluiufcard  varaiona,  asarkotad  in 
Europa  ca  tha  UCT,  (Jaivaraal  Card  labulating  Hachiaa);  (3),  tha  STEP  Coaputar^. 
oada  by  Raaiagcoa  Rand;  (^),  tha  1308  oada  by  Raoingtoa  Rand;  (5)  tha 
Burrough.1  Lab  Coaputar,  (6)  tha  ALWAC-800  oada  by  Loglatict  Raaaareh  Corp*; 
(7),  el»  dip AC-1  (Hitachi  Ltd.,  Tokyo);  (8),  tha  Elliott  802  cada  by  Elliot 
firothara.  Ltd.,  London;  and  (9),  tha  EMAL-2  oada  by  Poliah  Huclaar  Raaaareh 
Institua  and  Uarsev  Tachnlcal  Univaraity. 

Tha  Burrougha  Lab  Coaputar,  a aodal  of  tdvich  wa  inatallad  at  Uayna 
Univaraity  in  Detroit  bafora  thn  auoaar  of  '.953,  waa  tha  aarliaat  of  thaaa. 

It  waa  operating  at  Burrougha  bagianlng  FSibruary  21,  1951.^^^  This  machina 
waa  latar  daaignated  tha  Philadalphia  Lab  Coaputar  and  waa  operated  to  tolva 
both  industrial  and  anginaaring  problaas.  Burrougha  claimad  this  Lab  Coaputar 
to  ba  a uolquo  aloccronic  digital  coaputar: 

This  oaebino,  which  has  a aagnatic-drua  aaoory  and 
tolatypa  iaput-output  facilitias,  waa  assaablad  antiraly 
froa  ganoral-purposa  units  balong  to  tha  lina  of 
aquipoant  known  aa  Pulsa-Control  Units.  . . . Each 
Pulaa-Control  Unit  is  a standard  logical  coaponant,  such 
aa  a flip-flop,  gate  or  pul sa  delay  circuit,  and  ia 
equipped  with  input  and  output  buffers.  Wave  foros  on 
coaxial  cables  which  Intarconnect  units  are  restricted  to 
two  standard  types:  0. 1-aicrosecond  pulses  and  two-valvcd 
d-*c  control  voltages  having  0.2  aicroaacond  switching 
time.  Use  of  Pulsa-Control  Units  peraitted  assembly  of 
tha  coaputar  directly  froa  logical  diagraos  without  the 
usual  iateraediate  engiocering  steps. 


Burroughs  damonstrated  its  conciauing  coaaitaant  to  oagcatics  by  establishing 
a research  facility  in  Paoli,  Pennsylvania,  which  had  as  ona  of  its  focuses 
the  devalopoaoc  ef  oagnetic  coopooents.^^^ 

The  Air  Rirce  Caabridga  Raaaareh  Canter  Coaputar  built  by  tha  Raalngton 

Rand  waa  tba  neat  oagnacic  aaplifler  coaputar.  It  waa  finished  in  June,  1955, 
' 139 

and  waa  installed  in  Hay  1956.  Tha  raaaareh  and  davelopaaot  period  at 
Reoington  Rand  occurred  in  the  yea. 3 1950-1955.  In  this  magnetic  aaplifiera 
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w«r«  davtloped  aad  actually  uclllzod  la  aa  oparaclooal  coaputar*  ^^0  Tha 
aafioaclc  cora  aaplifion  uaad  in  Chla  coaputar  wara  torsad  FESAiCTOSS  by 
Uoivac*  Tlia  AFOIC  Coaputar  cootaload  600  FCR&ACTOKS  and  IS  vacxtua  tubas.  The 
track  record  of  thia  coaputar  waa  axcalXant*  "Froa  July,  1937  to  Fabruary 
1958,  tha  uaaful  oparatln^  tlaa  has  avaragad  about  90Z  of  tha  acbadulod 
operating  tioa.  TWo  hours  a day  ara  devotad  to  pravaotlva  aaintanaace.'*^^^ 

Tha  uptlaa  for  tha  AFCRC  coaputar  for  tha  first  44  weeks  of  1958  was  reported 
aa  '90Z  for  a oina  hour  schadulad  fiva  days  a waak."^^^  Tha  AFCRC  coaputar 
waa  oaioly  uaad  for  scientific  coeputation  %rith  soaa  real  tiaa  applications, 
particularly  in  the  area  of  radar  dstaccloo  and  postion  location. 


FERHACTORS  were  acclaiaad  in  tha  trade  press.  For  azaopla: 


Kapnatic  aaplifiars  ara  beginning  to  replace  electron 
tubas  in  high  spaed  digital  computers.  The  fERRACTOR,  a 
oagnatic  aapllfler  capable  of  operating  at  frequencies  as 
high  aa  2.5  ac,  represents  an  Increase  In  power-gain  band 
width  product  an  order  of  magnitude  over  that  previously 
considered  practical  with  (oagnetlc  circuitry.^ 


Sales  of  a cossaercial  version  of  the  magnetic  aaplifler  computer  were 
predicted  to  begin  In  early  1957.^^^  The  naw  magnetic  amplifier  computer  was 
announced  In  glowing  terms: 


The  first  high-speed  low  price  electronic  computer 
utilizing  magnetic  throughout,  instead  of  filament  tubes, 
has  been  announced  by  Ramington  Rand  Division  of  the 
Sparry  Rand  Corporation.  The  computer  employs  an 
entirely  new  principle  by  using  'micro-ferractor' 
magnetic  amplifiers  which  are  no  larger  chan  the  rubber 
erasers  ac  Che  end  of  ordinary  lead  pencils*  Tha 
'ferractora*  will  perform  accurately  at  temperatures  from 
60  degrees  below  zero  Fkhrenhelt  to  222  degrees  above 
zero,  and  are  the  result  of  five  years  of  laboratory 
research.  The  computer  opens  up  an  ere  In  which  filament 
Cubes  arul  transistors  will  be  outmoded  by  devices  of  chla 
Iclnd.  rne  proto-cypa  was  completed  last  June,  and 
present  production  plana  will  make  the  'mlcro-ferractors ' 
filled  conpuCar  available  early  in  1957. 


A description  of  Che  Uoivac  magnetic  computer  waa  contained  In  the  IR£ 
Convention  Record  In  New  York,  1956.^^^ 

Despite  the  optimistic  announcements  and  wide-spread  publicity,  it  was 
December  1959  or  early  1959  that  magnetic  amplifier  computers  were  actually 
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gold  conaarei«lly  la  eh«  Ualtad  St«e«8.  Tha  dalay  wa  cha  rtaulc  of  a 

ooiusarlal  dacialoa*  HaQaacic  aapllfiar  coaputara,  aold  uodar  tbo  aaoa  UCT 

(Ualvae  Calculaeloj  tabulator),  ware  oarkatad  in  Europe  In  adTanea  of  tba  U«S* 

aala.  Accordlns  to  Joaos  Caaa  at  Libraacopa,  a eiallar  Incldaot  occurred 

there:  "When  tha  LCP-ll  ease  out  It  uaa  deliberately  alowed  down  an  It 

wouldn't  cbapete  with  thoae  LCP~30'a  alnce  wa  were  atlU  crying  to  get 
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their  $1,100  a aonch  rental  on  thea”* 

At  about  cha  aoaa  tins  the  UMIVAC  Solid  State  coapuCer  waa  being 
developed  in  Philadelphia  by  the  Eckert**Kauchly  group  of  Raaington  Rand  the 
Pile  Coapucer  waa  being  developed  in  St.  Louie  by  cha  Engineering  keeearch 
Aaaoclacea  group.  In  fact,  tba  Pile  Coeputer  waa  aimounced  In  January,  19S5, 
while  cha  nagnetlc  aapllfiar  coapucer  waa  announced  on  year  later. The 
firec  File  Coapucer  wsa  delivered  in  Aiguat,  1956.^^^  The  flrac  Univac  Solid 
State  Magnetic  Aoplifler  coapucer  waa  not  delivered  in  the  Unlcad  Stacea  until 
December  1958  or  early  1959,  although  the  European  veralon,  the  UCT,  wee 
reported  aa  operational  in  cha  Dreaden  Sank  in  Hamburg,  Genaany,  in  October 
1958. 

The  history  of  the  Eckerc-Hauchly  and  ESA  groups  which  were  both  owned  by 
Reningcon  Rand,  yet  operated  separately  until  the  merger  of  Sperry  Gyroscope 
with  Bamington  Rand  in  1955,  affords  many  inslghca  into  oaoagerial  decision- 
making. Az  r.ha  else  of  cha  merger  of  Remingcon  Rand  with  Sperry  Gyroscope,  a 
consolidated  coapucer  group,  designated  cha  Univac  Division,  was  formed. 

Remington  Sand  acquired  Che  Eckert-Hauchly  Coapucer  Corporation  in  1950 
and  later  acquired  Enginoering  Research  Aasoelates.  Tha  different 
orlentationa  made  a viable  merger  of  cha  groups  practically  impossible.  The 
Philadelphia-based  Eckert-Hauchly  group  began  within  a university  context. 

Tba  Eckert-Hauchly  Coapucer  Corporation  merged  with  Realngcon  Rand  when  it  was 
clear  chat  tha  Eckert-Hsuchly  Computer  Corporation  had  significanc  cash-flow 
problems  that  threatenad  cha  completion  of  ite  concracts  for  Univac  computers. 

Tha  history  of  ESA  is  strikingly  different.  This  company  was  formed  at 
the  end  of  World  War  II  through  cha  efforts  of  Naval  personnel,  chiefly 
.Vdmiral  Joseph  Uongsr  who  was  in  charge  of  Naval  comaunlcations  Research  and 
Captain  Howard  T.  Engstron  who  was  chief  of  cha  Naval  Comaunlcations 
Supplementary  Activity. Of  the  initial  52  staffing  cha  company,  39  had 
been  either  reserve  officers  or  civilians  associated  with  the  Naval 
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CoeaualcACloaf  SuppUeatacary  Acelvlcy  which  had  cha  raaponalbilicy  for  ehraa 
ealo  raaaareh  araaai  coaTaoeiooal  at^  apodal  eosaualeatlooa  aqulpeont  aad 
oachecadeal  cochalquae.  Tha  Idaa  waa  Co  kaap  cotachar  cha  aofiaoora  who  had 
worked  aa  a group  during  cha  war*  for  floatxdog  raaaooa,  8C*  Paul  waa  cboeao 
ao  a baaa  for  cha  now  group* Tha  "aaad”  aooay  waa  arraogad  la  pare  bp  John 
E*  varkar,  a partnar  In  cha  Sc*  Paul  brokaraga  flcv  of  Auchlocloaa,  Parkar  and 
Radpach*  Parkar  waa  alao  Praaidanc  of  Korchvaac  Aoronauclcal  Corporaclon 
(MAC)  which,  during  World  War  IX,  aada  glldara  for  Cha  Air  Porco* 

Tha  firac  ERA  govornnanc  concracc  woo  actually  a aubcontracc  froo  NAC  and 
Involvad  apacializad  coeaunlcaclona  aqulpaanc  and  apara  parca*  Evancually  ERA 
bacaaa  a prlaa  concraccor  for  chac  aqulpoanc*  ERA  alao  bullc  davlcaa  Co 
oonlcor  undarground  caaca  and  lacar  davocad  anargy  Co  oagnaclc  dna  aaaorlaa, 
gacclog  Mvaral  key  pacanea  in  cha  araa*  In  face,  ERA  llcanaad  I9(  co  uaa 
oagnaclc  aaaorlaa  In  cha  630  aarlaa*  ERA'a  firac  Inporcanc  coapucar,  tha  ERA- 
1101,  waa  bullc  for  cha  Navy* 

ERA  eaployaanc  grew  froa  about  800  In  1932  to  1130  la  1933,  and 

charaafear  Jusp  co  about  4,000  In  1937,  doaloaclng  In  alza  cha  EckerC-Mauchly 

group.  ’Sparry  Rand' a financial  daclalona  ware  aada  froa  corporata 

headquarcara  In  Haw  York.  With  'abaantaa*  corporata  managaaanc,  cha  Unlvac 

Dlvlalon  had  difficulty  gactlng  approval  of  lea  plana,  and  co  add  co  cha 

problea  cha  former  ERA  anglnaara  wera  at  odda  with  cha  Eckarc-Mauchly 
1 52 

paraonnal.*  Obvloualy,  cha  orlancaclona  of  cha  Hlnnaaoca  and  Phlladalphla 
groupa  were  dlfforanc,  and  It  aaaaa  chac  cha  corporata  aanagemant  waa  navar 
able  co  bridge  cha  dlffarencaa  auccaaafully. 

Both  cha  Flla  Coaputar  davalopad  by  tha  ERA  group  and  cha  Solid  Stata 
80/90  cooputer  davalopad  by  cha  Eckarc-Mauchly  group  wera  magnaclc  drum  scored 
coapucara,  buc  cha  Flla  Coapucar  quickly  got  a bad  rapucaclon  bacauaa  of 
laceneaa  of  dallvery  and  ralaclvaly  high  price  aa  compared  vrlch  ochar 
coapucers  of  similar  capablllclas.^^^  Consequencly,  It  had  a poor  sales 
record. It  was  said  co  have  been  specifically  engineered  for  airllna 
reservation  syscaaa,  Cha  dlscuselona  vlcb  cha  alrllnas  purporcadly  going  back 
Co  1946.  Ic  was  also  co  parfora  general  bualnsss  Invancory  appllcaclons. 
Desplce  cha  poor  salas  record.  In  a concartad  effort  co  push  cha  Flla  Coapucar 
and  co  ellaloaca  cha  possibility  of  In-housa  coapaclclon,  cha  Solid  Scaca 
80/90  coapucers  were  ooc  ac  first  announced  and  oarkacad  In  cha  Unlcad 
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Ot<iG:NAL  PAGC  ir> 
or  POOR  QUALITY 


Sc«cts.  1h«y  Mtr«  raitkacad  laacaad  la  Curopa  u tha  UCT. 

^:cordla3  to  Barsan  Lukoff,  diractor  ot  raaaarch  and  advaocad  technlquea 
for  Uaivac,  tba  UUZVAC  60/90  aolld-seaca  coaputarat 


• • • got  caught  in  tha  rivalry  that  had  davalpad  batwaan 
tha  St.  Paul  and  Philadelphia  dlvlaiona.  A USIVAC  Plla 
Cooputar,  davalopod  by  Sc*  Paul  and  In  roughly  cha  aaaa 
prlca  ranga  aa  cho  UNIVAC  Solld-Staca  Coaputar*  uaa 
alraady  balng  oarkatad*  Thara  uaa  a great  concam  chat 
cha  'aolld-acaca*  would  Intarfara  with  cha  Flla  Conputar 
aalaa*  Cooaaquancly*  cha  'Solld^SCaca'  uaa  held  back 
froa  cha  aarkac  place  and  not  dallvarad  In  chla  country 
until  cha  aumar  of  1959,  although  It  waa  aarkacad  In 
Europe  aevaral  yaara  aarllar*  The  lata  ancry  of  cha 
UNIVAC  Solld'Scaca  Coapucar  raoulcad  In  a ahorcanad  Ufa 
•pan  for  cha  project,  although  300  ayacaaa  In  varloua 
fonaa  were  aold*  Oy  1960,  It  waa  clear  that  the 
craoalacor  waa  hare  co  atay,  ^ aagnatlc  *apllflar 

technology  would  not  aurvlva. 

Comencing  on  tha  oagnatlc  aapllflar  technology  Lukoff  vroca  la  1969: 


In  1953,  Uolvac  raallzad  that  cha  daya  of  cha  vacuua  Cuba 
ware  ouabarad*  About  90Z  of  all  coapucar  laalnceoaoca 
problasa  ware  duo  eo  cha  vacuua  tuba  and  1C  alaply  had  co 
be  replaced*  Due  wlch  whac?  Uolvac  plooaarad  lo  cha 
davalopoaoc  of  aolld  acaca  aleaenca  and  ooa  of  chaaa  waa 
cha  nagoacle  aapllflar*  Ic  found  lea  way  Inco  cha  Uni vac 
Solid  Scaca  Coapucar  and  waa  characcarlsad  by  oodaraca 
•pead  and  high  clock  power*  Tranalatora  ware 
coeoarcially  available  In  Cha  aarly/old  flfclaa  buc  only 
In  cha  oodaraca  apaad  range,  lha  flrac  braakchrough  In 
high  speed  cranaiscora  occurad  wlch  cha  davalopoenc  of 
cha  Surface  Barrier  Tranelacoc  (SBT)*  Unlvac  knew  chac 
cha  Cloa  for  use  of  cranslscors  In  coopucars  was  faaC 
arriving  axul  chac  Ic  had  Co  develop  Cha  Cachnology. 


Unlvac  ucillzed  surface  barrier  cranslscors  In  cha  LARC,  buc  was  noc  yec 
commlcced  co  osing  only  cranslscors  In  iCa  coeaarlcal  produces.  Tha 
announcaaanc  of  STEP,  a oagneclc  aapllflar  coapucar,  was  nada  in  August,  1960. 

Thara  la  uncarcalncy  as  co  whochor  chars  ware  accually  cwo  coomarclal 
versions  of  tha  Solld-Scaca  aagnatlc  aapllflar  coapucar.  Sooa  rafaraocas, 
rafar  Co  boch  a Solid  ScaCa  80  and  90,  differing  only  In  cha  card  InpuC  chac 
chay  could  aceapc,  buc  wrlca  abouc  cho  cwo  oachinaa  as  If  chay  ware  avallabla 
concaaporanaously  and  boch  sold  In  Europe  In  cha  old-co  lace  1950* a. 
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Brock,  oo  cha  ochar  hand,  sueaa  chat  whlla  eha  Solid  Scaea  80  (ale]  waa 
dallvorad  la  eha  Uolcad  Seacaa  lo  ikiguae  1998,  le  «aa  ooe  uneil  Juaa  1959  ehae 
cha  Solid  Scaea  80  [ale]  could  aceoeawdaca  80-coluso  carda*^^^  Accordlos  co 
oote  aoureaa,  cha  Solid  Scaea  90  waa  ooe  dallvarad  uaell  Oaeaabar  1998.  Tba 
Uolvac  Solid  Scaea  coapuear  probably  could  loieially  only  aceape  90*coluaa 
cardo  aod  waa  aubaaquancly  aodlflad  eo  handla  eha  80-eoluaa  carda,  and  chaa 
conad  cha  Solid  Scaea  80.  Tha  laporeaac  polne  la  ehae  a coapuear  baaad  on  a 
cocally  uolqua  cacbaolosy  had  baoa  doaalopad.  Tha  card  lapuc  daal(a  waa 
ralaelvaly  ualaporcanc. 

A coaparlsoa  of  eba  Flla  Coopucar  and  eha  Solid  Scaea  80/90  ravaala  cha 
clear  dooloanca  of  cha  laccar.  Tha  addlelou  claa  la  nlcroaacoada  for  cha  flla 
coapuear  la  8,700,  whlla  for  cha  SS  80/90  la  1,360.  Tha  aulclpllcacloa  claa 
la  olcroaacooda  la  23,800  for  cha  Flla  Coapuear  and  1,275  for  eha  SS  80/90. 
Olvlaloa  cook  27,500  nlcroaacoada  oa  cha  Flla  Coapuear  and  1,275  on  cha  SS 
80/90.  Tha  claa  for  chaaa  oparaclona  lacludaa  Cha  accaaa  claa  of  cha 
coopuclng  t/acana.  Tha  price  of  eha  two  nachlnaa.  In  1961  dollara,  wan 
roughly  eha  aana,  $300,000  for  cha  File  Coopucar  aod  $347,500  for  cha  SS 
80/90.  By  way  of  furchar  coaparlaoo,  cha  STEP  had  cha  aaoa  oparaclon  clmaa  aa 
cha  SS  60/90.  Tha  IBl  1401,  cha  cranalscorlzad  raplacamanc  for  cha  I£H  650, 
had  an  add  Claa  of  300  nlcroaacoada,  a nulclpllcaclon  claa  of  1,960 
nlcroaacoada,  and  a dlvlaloa  claa  of  2,170. 

By  1958,  cha  year  cha  narkeclog  of  cha  Solid  Scaca  coapucara  waa 
peraiccad  In  cha  Uniced  Scacae,  IBl  had  already  Inacallad  aavaral  hundred  of 
lea  nagnaclc  drum  coopucara,  cha  650 'a  which  had  been  announced  in  1953  and 
Incroduced  in  1954.  Thoaa  were  vacuum  Cuba  coapuCara  aod  were  compared  Co  cha 
Solid  Scaca  80  aa  of  June  1959  In  Cha  following  way: 

With  compaclblllcy,  chs  SS80  had  a aubacanelal 
compaclclva  advancaga  over  Cha  650.  For  similar  prices, 

Ic  had  a much  fascor  Incarnal  oparaclon,  doubla  speed 
card  raadar,  and  quadruple  spaed  prlncar  compacad  co  cha 
650.  According  co  cha  Knlghc's  calculaClona  of  coapuear 
parforaanca,  cha  SS80  produced  50  parcanc  nora  connarlcal 
oparaclona  par  dollar  chan  cha  650.^^° 

Ranlngcon  Rand  avencually  sold  abouc  500  of  cha  Solid  Scaca  machines, 
while  IBl  sold  over  1,000  of  cha  650* a.  Brock's  clala,  however,  chac  "[cihe 
SS80's  advancages  over  cha  650  could  have  bean  expaccad  becauae  of  cha  five 
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y««ra  of  cachooloslcAl  davtlopaaot  chat  had  ukaa  placa  alaca  tba  6S0 
iaccoduccioo,  whlLa  eha  650  prlca  had  rauload  conacanc*”  la  alacakaa*  la 
face,  eha  caehoolour  waa  davalopad  in  eha  vary  aarly  19S0*a  ac  about  Cha  aaaa 
eissa  aa  eha  650  eaehaology,  Tha  aackatlas  of  cha  Solid  Seau  90  and  80  la 
I9S8*>19S9  did  not  iaply  chat  chay  had  juac  cooa  off  eha  producCloa  lioa* 

Thara  waa  a dafiaica  oaaagarial  daclaioa  to  divarc  cha  auparior  produce  to 
Europa  and  laava  cha  way  claar  for  cha  oarkaclns  of  cha  Flla  Coapucar  in  cha 
U>S«  without  coapacicioa  froa  aaoChar  produce  fo  cha  aaaa  Sparry  Raod 
Corporacloa* 

Aa  Roaaa  haa  oocad  "Tha  Raoiagtoo  Rand  daaigaara  had  uaad  oagnacic 
anpliflara  at  a ciaa  whan  chay  thought  cranaiacora  warn  not  yac 
pracclcalt"^^^  Thia  la  eooflroad  by  Haman  Lukofft 

I can  romeabar  cha  day  chat  Praaidanc  Eckarc  gachared  all 
of  cha  anglnaarlng  paraonnal  cogachar  ac  Aldan  Park  Manor 
CO  dlacuaa  fucura  plana  for  Cha  coopany*  Ba  acacad  Chat 
Cha  cranalacor  waa  not  yac  a practical  alcamaciva; 
charafora,  wa  would  caat  our  lot  with  cha  oagnacic 
aapllflar*  Savaral  make  lacar,  a waak  long  couraa  In 
aagaaclca  wax  organltad  all  all  anglnaara  wara  raquaaced 
CO  accand  ao  chay  could  bo  updacad  on  cha  naw  oagnacic 
aapllflar  cachnology.^°* 

Ic  would  ba  Incorracc,  howavar,  co  concluda  chat  cha  Eckarc-Kauchly  group  waa 
alona  In  puraulng  oagnacic  logic  cachnology  ac  Unlvac,  for  eha  old  ERA  group 
In  Sc.  Paul,  Hlnnaaoca,  conecrucced  cha  four  X-308  oagenclc  aapllflar 
coopucara  for  elaaalflad  dallvory.  And  prior  co  chac  ERA  Invaafigacad 
oagnacic  aapllflara  aa  an  alcamaciva  cachology  for  cranslscora  for  cha  Achena 
ICEH  guidance  ayacea  which  waa  dellvarad  co  cha  Air  Force  In  1957  ERA  acclvely 
bullc  parallel  oodela  of  cha  Aehana  guidance  ayacaa  and  only  after  coopaclng 
Che  two  working  oodela  waa  Cha  final  choice  oada  co  build  cha  accual  coapucar 
with  cranalacor  rachar  chan  oagnacic  aapllflar  clrculcry. 

The  oanagerlci  prohibiclon  by  Sperry  Raod  sales  of  che  Solid  Sceco 
coopucers  In  chs  Unlced  Scacea  haa  ooc  bean  accorded  cha  significance  Ic 
deserves  in  shaping  cha  coapucar  Induscry.  Had  cha  Solid  Scaca  coopucers, 
which  clearly  ouCparforoad  cha  650* a,  bean  announced  for  sale  beginning  In, 
say,  1957,  chs  hlacory  of  cha  coapucar  Induscry  woild  have  been  dlfferenc  for 
ac  lease  a few  years.  Inacaad,  Sperry  Raod  of fere,  c produce,  cha  vacuua  cube 


Flit  Coapuctr,  cletrly  lof trior  to  cha  IBl  650,  and  ktpc  le  as  lea  tocry  in 
cho  coaputar  aarktt  dtaplta  eht  poor  rapueatloa  that  le  acquirad  early  la  lea 
product  cycle* 

A further  h^v  to  Sperry  Baod  case  la  1939  whan,  only  four  aontha  after 
Ita  SS  80/90  annouaceotat,  ISl  announced  the  1401  at  a tranalatorlted 
replaceaeat  for  tha  630*  According  to  ftrocki 


The  1401  vat  la  the  taea  price  range  aa  both  tha  630  and 
the  SS60  but  had  asuch  bettor  ptrforaanct  than  either  of 
thea*  For  exaapla*  cha  1401  cold  read  800  carda  per 
alnute  coapared  vleh  230  fr  tha  IM  630  aod  430*600  for 
tha  SS80*  The  add  tea  of  the  1401  wae  230  nlcro*taconda 
coapared  with  310  for  cha  SS80  aad  700  for  cha  lEK  630. 

By  Che  Rnlghc  calculatloon,  the  IW  1401  had  over  twice 
Che  nuaber  of  coaaorclal  operaclooa  per  dollar  chat  the 
SS80  had.  Conaequently  the  SS80  waa  not  coapatlelve  with 
Che  1401  and  lea  effective  life  aa  a coaputar  to  expand 
Sperry  |and' a oarket  ahare  waa  Halted  to  a little  over  a 


The  S7IP  coaputar,  a aodlflcatlon  of  the  Unlvac  Solid  State  80/90  waa 
announced  In  Auguac,  1960.  Aa  lata  aa  1961,  J.  P.  Eckert  dlacuaaed  adding  an 
Improved  cape  apeed*up  prograa  and  core  oeaory  to  the  STEF  coopucer  aod  aald, 
'Thla  la,  however,  the  'laac  drop*  chat  can  be  aqueezed  free  the  U. S. S.C.  aod 
we  muat  not  loae  alght  of  this." 

Aonounceaeota  of  new  oagooclc  coaponenca  were  coasoo  throughout  cha 
1950' a.  The  technology  waa  not  aecrec.  Many  announcenenta  appeared  In  the 
Digital  Computer  Ncwalecter  publlahed  by  the  Office  of  Naval  Reaearch.  The 
newaletcer  was  flrac  lasued  In  April  1949  and  was  circulated  to  all  Interested 
military  and  govornaencal  assncleo  and  to  all  contractors  of  the  Federal 
Governaenc.  Starting  in  1956  It  was  also  reprinted  In  the  Journal  of  the 
Aaeoclatlon  for  Computing  techlnery.  CRC  announced  a "Ferror-Resonant  Flip- 
Flop  Co  replace  vacuum  tubes  in  certain  counting,  aaplifying  and  control 
applications. In  1933  CRC  announced  a new  version  (model  133)  of  the 
Ferro-Resonant  Flip-Flop  which  reduced  the  size  of  the  original  device  by  33 
percent  and  lovarsd  Che  cost  by  30  percent. It  claimed: 


It  can  deliver  aore  chan  90Z  of  the  Input  energy  as 
usable  output  since  copper  and  core  loss  are  the  only 
source  of  power  conauaptlon.  The  use  of  non-dlsslpatlng 
recactlve  elements  virtually  ellalnaces  the  problem  of 
heat  dlaslpatloo.  Ocher  feecures  Include  operating  at 


42  - 


frtquoaelaa  up  to  lOOk.e*,  high  povar  gain,  inumley  to 
high  accalaracloo  aod  ahock,  and  cha  ablllcjr  to  vlc^cand 
Vida  caap«raeur8|  hualdlcyt  and  praaaura  changaa*^”' 


Raychaoa  anoouncad  Kagnaclc  Shift  koglatara  (SR*20  and  Sft-lOO)  and  noted  that 
tfork  on  ualng  oagoatlc  coraa  la  logical  aod  arlthaatlc  circuitry  uaa 
pcocaadlng;*^^^  Raytheon  clalaed  that  "[tlhaan  davalopeaMota  givt  proalea  of  a 
aubatantlal  reduction  of  tuba  current  In  future  coaputar  ayataaa*”^^^  Jan 
Rajchaan  at  RCA  and  Irving  Welaolaan  at  Talaaatar  Hagnatlca  ware  alao 
exploring  the  uaea  of  aagnatlc  coraa  for  logic*  Walaalman  atatad  that  all 
coca  coaputera,  while  technically  poaalble,  ware  In  face  "papar  tlgara” 
becauaa  tranalator  technology  bagen  to  be  doalnant  et  that  claa  period. 

Aaronucronic  of  Newport  Beach,  California,  a dlvlalon  of  Ford  Kotor 
Coapany,  announced  the  BIAX  coaputlng  eleBanc  In  late  19S9*^^^  The  BIAX  wia  a 


new  aagnatlc  coaputar  elanene  capable  of  autlaegacycla 
performance  In  logical  networka  and  memory  arraya*  « • . 
The  element  la  a aoall  rectangular  bar  of  ferrite  . 
magnetic  material  meaaurlng  50x30x65  alia.  It  rapreaanta 
a slgoif leant  advancaaenc  la  the  8tate«of*the*'art  of 
magnetic  computer  elementa  and  Ita  application  now  makea 
poaalble  the  achleveaent  of  reliable  high  apeed  computing 
at  a rcaaonable  coat.  . . [ee]  relatively  cheap  BIAX 
elementa  will  replace  expenalve  aemlconductor  devlcae. 
Preaent  eatlmatea  Indicate  the  coat  aavlng  will  be  at 
leaat  a factor  of  10  with  regard  to  logical  devlcae.*'^ 


Aaronutronic  believed  that  the  BIAX  could  be  more  denaaly  packed  than 

aealconductora,  reducing  the  number  of  aoldor  connactlna  nacesaary  In  an 

average  computer  by  a factor  of  10  to  100  'Their  [the  BIAX  elementa]  baalc 

passive  nature  plua  general  rugged  physical  nature  and  Insensitivity  to 
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temperature  generally  enhances  the  reliability  by  a large  factor. 

Aaronutronlcs  was  using  BIAX  techniques  In  both  airborne  and  military 
projects.  SRI  In  Menlo  Park,  California,  announced  a universal  magnetic  logic 
element  In  late  1939: 

A 03W  multl-apertured  (sagnscie  logic  element  has  been 
developd  at  SRI  under  sponsorship  of  the  Office  of  Naval 
Research,  Information  System  Branch.  This  device  Is  a 
universal  logic  element  In  the  sense  the  genera^  digital 
logic  may  bo  performed  with  an  appropriately  wired  array 
‘ consisting  of  elements  of  this  single  type  only.  The  new 

element  belongs  to  Cha  family  of  magnetic  multi-aperture 
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devices  (HADS)  developed  et  SX  for  use  In  dlodelees 
shife  reilecors  as  well  ea  far  aora  coaples  lotlc 
unite. 

Thus,  dosplco  Che  fact  that  Buch  of  the  scientific  world  was  alrsadjr 
developing  a fundaskontal  understanding  of  silicon  crystals  and  thalr  hahavlor, 
as  late  as-  1960  aany  people  failed  to  rsallsa  thalr  laportanca  and  Indeed  tbs 
laporcance  of  large  scale  fabrication  processes. 


Translitors. 


The  rasaarch  efforts  In  physics  that  eventually  led  to  the  developoent  of 
quantua  aechanlcs  sparked  Interest  and  focused  research  la  the  areas  of 
crystal  detectors,  sapllflers  and  sealconductors.  The  transistor  effect 
dlscovsred  at  the  Bell  Talsphoos  Laboratories  la  1947  was  the  direct  outgrowth 
of  both  these  efforts  and  the  free  flow  of  scientific  Infonsatlon  which 
proceeded  via  the  ooblllty  of  scientists  and  the  active,  ongoing  written  and 
oral  comunlcstloos  asoog  thea.  The  discovery  of  the  transistor  may  have  been 
really  a rediscovery  for,  according  to  Professor  W.  Gosling, Julius 
Llllleafeld  applied  for  a Canadian  patent  for  what  today  would  be  called  a 
Junction  field  effect  transistor  In  192S.  In  1927,  Llllleafeld  filed  a patent 
for  a bipolar  transistor  and  In  1928  be  filed  a patent  for  an  insulated  gate 
field  effect  transistor. 

The  discovery  of  the  transistor  effect  produced  a variety  of  expectations 
on  the  part  of  coaputer  oanufacturers  as  to  the  applicability  of  transistors 
as  coaputer  coaponents.  Host  concern  focused  around  the  reliability  of  the 
transistor,  which  was  anticipated  to  exceed  that  of  vacuus  tubes.  The  high 
cost,  difficulty  of  procursaeot  and  early  probleas  with  reliability  were, 
however,  drawbacks.  Indeed,  one  of  the  first  conferences  on  transistors 
conesraed  their  reliability.  This  conference  was  sponsored  by  the  Working 
Group  on  Setalconductor  Devices  of  the  Advisory  Croup  on  Electron  Tubes  of  the 
Office  of  tha  Assistant  Secretary  of  Defense,  Research  and  Engineering  and  was 
held  on  Septeaber  17,  18,  1956  In  New  York.  The  proceedings  of  the  conference 
were  published  In  1958  by  New  York  University  Press.  Over  fifteen  different 
Instltutloae  froa  governoent  sod  Industry  were  represented  on  the  prograa, 
including  Signal  Corps  Eaglnesrlag  Laboratories,  Bureau  of  Ships,  Air  Research 
and  Oevelopaent  Cosaand,  Motorola  Inc.,  Phllco  Corporation,  Bell  Telephone 
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Uboracorlca,  Caaar&l  Klaccrle  Coapaay,  Ttxas  Inaeruaanea  Ioc«,  Oak  tide# 
National  Laboratorr^  Sylvaoia  Blacerlc  Produeta,  Boalnc  Alrplana  Ccapaay, 
Naval  Kicerlal  Laboraeor/t  Sparry  land  Corporatioo,  Dlasoad  (^diuoco  (Use 
Laboratory,  Baytkeon  Kanufacturlos  CMtpany,  and  Lincoln  Laboratoriea, 

Tha  datalopcMot  of  quantua  laachaaica,  tba  nobility  of  aciantiata  end  tha 
froo  flow  of  aciantific  inforoation  vara  tha  nott  iaportant  alaaonta  leadios 
to  tha  organixation  of  tha  Saedcooductor  Croup  at  Ball  Laba*  A*  H«  Vilaoa 
wrota  a papar  in  1931  in  England  in  which  ha  aaaantially  atatad  tha  quantua 
maehanieal  thaory  "that  ralatad  aotion  of  alaetrona  in  aatala  to  a 
coaprahanaiva  thaoraticol  axplaoation  of  inaulatora  and  saaieonduetora*”^^^ 
Whan  thia  thaory  uaa  bain^  davalopad  in  tha  yaara  ii&udiataly  prior  to 
Wilaon'a  aspoaitioo  of  it,  intamational  nobility  of  aciantiata  waa  aided  by 
varioua  kinda  of  fallowshipa  including  toaa  provided  by  tha  Rockefallar 
Foundation,  Although  tha  appaaranca  of  Wilaon'a  papar  in  1931  cauaad 
heightanad  intaraat  in  aaaiconduetora  and  thair  potential  rola  in  alactronic 
comunicationa  and  aa  ractifiara,  according  to  Weiner  t 

[T]ha  iaplicationa  of  tha  Wilaon  theory  ware  not  evident 
to  reaaarch  workaca  In  the  field  although  between  1935 
and  1939  tha  thaory  of  Maicooductor  phyalca  waa  advanced 
by  Frenkel  and  Davydov  in  the  Soviet  Union,  Mott  in 
England,  and  Schottky  in  Cenany*  A aajor  problea  waa 
that  the  aeaiiconductor  oateriala  available  during  the 
1930 'a  were  too  iapure  to  provide  an  opportunity  to  link 
theory  with  experieaent#^'' 

In  1923  Karl  K.  Darrow,  a reaearch  phyalciat  at  Ball,  began  publishing  a 
series  of  papers  in  the  Ball  Syatea  Technical  Journal  soaetimes  suomarlzlng 
meetings  of  the  Aserlcan  Physical  Society  axid  at  other  tines  susmarlzlng  the 
current  state  of  tha  art*  A paper  published  in  tha  Journal  in  1927  by  two 
Boll  physicist,  C«  J*  Davisson  and  L.  H*  Cerasr,  on  electron  diffraction,  was 
sealnal  piece*  In  1937  Davisson  received  a Nobel  prize  In  physics. 

Wllllta  Shockley,  an  H.I.T*  Ph.D*,  may  have  been  attracted  to  Bell  Labs 

I7fl 

In  1936  substantially  due  to  tha  fact  that  Davisson  was  there.  In  1939 
Janes  Fisk,  whoa  Shockley  had  known  when  they  ware  both  graduate  students  in 
physcls  at  M.I.T.,  Joined  Ball  and,  before  beconing  president  of  the  Labs,  was 
•esponslbla  for  tba  postwar  research  in  physics  there.  Another  menber  of  the 
soon-to^be-fanous  group  at  Bell  had  been  one  of  the  first  of  the  group  to 
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join*  Ualcar  kaccaln  bagn  worklaf  at  Ball  la  1929*  Othara  la  tha  g^oup 
workad  aoro  gtoaralljr  la  solid  acaca  phyalea*  Iraecala  waa  aecractad  to  Ball 
Uba  becauoo  of  hia  knovladga  of  cha  Bill  Syacaa  Tachnleal  Jouraal  aad  in 
particular  baeausa  of  tha  paper  bp  Oarrow*^^^  Joha  Bardaaa*  a Uarrard  Ph.D*, 
did  ooc  Join  Ball  uacil  after  cha  Sacood  World  Uar*  but  ha  had  known  Shocklap 
nod  flak  la  Caabrldga  In  cha  1930' a*  Bardaan  had  alao  acudiad  under  ooa  of 
Che  aaae  profesaora  as  ^accalni  John  R*  Van  Vlack*  Bardeen  was  parauaded  bp 
Shocklap  and  Flak  to  Join  chea  ac  Ball  Labe  after  cha  war  rachar  chan  co 
return  to  acadealc* 

Uhlla  Ball  Labs  la  appended  to  an  Industrial  coapaop,  tha  ataospbara  la 
an  acadeadc  one*  If  fact.  In  tha  1930 'a,  tha  sclentlsta,  of  oany  diverse 
backgrounds,  not  juac  phpsiclsta,  net  together  once  a week  In  a discussion 

I OA 

group*  Tha  oaln  topic  was  the  quantia  aachanlca  of  the  solid  stats*  Both 
Shocklap  and  Brattaln  attended  chase  dlocusslon  groups* 

In  tha  1930* s,  and  aspeclallp  during  cha  war,  Ball  Labs  and  various 
universities  and  industrial  coapanlea  becane  Involved  In  projects  related  Co 
crystal  detectors.  Tha  work  on  radar  in  the  late  1930 's  falls  Into  this 
category.  Knowledge  was  gained  froa  Chase  projects  Chat  later  had  a direct 
effect  on  cha  devalopaeot  of  Cha  transistor.  The  link  butwaen  radar  and 
coapucers  Is  also  laportant: 

Radar  had  sooo  of  cha  eleaents  of  the  coaputer;  It  had 
clodog  circuits,  which  ulclucely  becaate  fundanencal  to 
che  modem  computer.  Some  of  cha  ocher  related  equipment 
like  cha  Loran  even  had  decada  [vaccua  tube]  counters 
asaoclaced  wlch  them.  It  was  a rudimentary  form  of 
digital  computer. 

Warclma  cryacal  detector  work  was  fundanencal  in  advancing  che  state  of 
Che  arc.  Work  on  increasing  the  purity  of  a semiconductor,  germanium,  was 
undercaken  at  Cornell  University*  Work  on  producing  another  hlgh*puricy 
semiconductor,  silicon,  was  undertaken  ac  Che  University  of  Pennsylvania  in 
conjunction  with  E.  I.  duFont  deHeaours.  Several  mambere  of  cha  physics 
deparcment  at  Purdue  University  wore  conducting  a systematic  study  of  the 
properties  of  cbm  semiconduccor  gamaniua.  According  to  Weiner,  Purdue 
University,  cha  University  of  Pennsylvania,  M.I.T.,  cha  Caneral  Electric 
Company,  and  Bell  Labs  ware  the  main  participants  in  wartime  semiconductor 
crystal  research  under  cha  overall  coordination  of  cha  M. I.T.  Radiation 
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Laboratory!  which  had  boon  aat  up  la  1940  for  radar  raaaareh* 
aeaarta  chaci 
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Tha  coasualcaeloa  aaoee  chaao  Inatltucloaa  halpod  creaca 
cha  aueual  avaraaoaa  of  cba  pocantlal  of  aamlcooduecor 
aacarlala  that  eoncrlbuted  to  cha  ulclaata  ruceaaa  of  cba 
Sail  afforc*  For  laacancai  on  April  9,  1945!  only  chraa 
■oncha  bafora  Ball  Labs  laauod  cha  'Auchorlaaclon  for 
work*  on  aolld'ococa  eacarlalo!  rapraaanuclvaa  of  cba 
parclclpaclos  aeadcalc  and  Induociral  laboracorlao 
convan^  ae  ^11  Laba  for  a 'Haaclog  on  Caroanlua 
Cryacala.'^” 


Wlchln  cha  warclsM  aclanclflc  coauolcy  coocanad  wlch  cry.‘«cal  dacaccora 
and  aapllflara  chara  was  apparantly  cha  ballaf  ehac  raaaareh  would  ba 
•claulaced  If  pbyalclaca  and  oonphyslclaca  could  lacaracc<  In  1947  a aaparaca 
division  of  cha  Aaarlcan  Physical  Soclacy  davocad  co  solld'scaca  pbyslca  was 
foraadt  Theaa  cronda  oay  hiva  baao  cha  raaulc  of  warciaa  dlalocaciooa  as  wall 
as  a rasponsa  co  ctvi  new  Idans  ehac  cha  war*provokad  aoblllcy  spread  co  aany 
widely  aeparaced  geographic  areas*  Ullllaa  Shockley!  although  noc  personally 
Involved  in  any  warciaa  aealcooduccor  raaearcb!  was!  aaong  ochars,  at  cha 
forefront  of  cha  aovemanc  co  opan  new  channels  of  conunlcaclona  for  cboaa 
working  In  oacala*  Shockley  parslacad  In  ballavlog  Chat  aolld'SCaca  research 
should  ba  concinued  afear  Cha  tr^r!  and  In  1945  apparencly  ralayed  his  beliefs 
CO  cha  research  director  ac  ball!  Halvln  Rally* 

Once  cha  cranslscor  affect  waa  announced!  nuaerous  syaposia  and 
cooferencea  relaclcg  co  cha  cranslscor  wars  held*  These  syapoala  were  widely 
accended.  ^:cordlng  Co  Horgan  ^arks,  one  of  Che  developers  of  che  Juncclon 
cranslscor  ac  Sail  Laba  In  1950: 


Bell  Labs'  flrsc  Inporcanc  policy  was  noc  co  keep 
cranslscor  Inforaaclon  sacrac*  Noc  only  was  ic  not  kepc 
a secret ! buc  wa  accivaly  expounded  cha  arc  as  wall  as 
cha  science  of  praccicing  Cba  cachnology*  Several 
senlnars  were  held  In  ebs  early  1950 's  where  «#e 
effectively  cold  all  we  knew  abouc  cranslscor 
technology*  The  whole  cone  of  opan  Inforaaclon  exchange 
wlchln  cha  eaerglng  seulconduccor  Industry  was  sec  by 
Ball  ayscea  policies  of  paesne  licensing  and  publlcacion. 
* * TIm  saalconduccor  industry's  rsaarkabls!  alaosc 
overnlghC!  growth  Is  due  In  Urge  asasura  co  relaclvely 
open  Inforaaclon  exchanges* 


Ih«  Juoeeloa  eraaaloeor  taa  dloeovaratf  la  19S0,  th«  Juaeeloo  fioI4-affeec 
erauietor  (fST)  la  1931,  eha  aurfaca  barrlar  eraaaltcor  la  19S3(  aod  cbo 
diffuaad  baao  eraoalacor  la  193S* 


Covarosaneal  groupa  alao  apooaorad  coofaraacaa  oa  craaalacora*  Oaa 
axaaplo  la  cba  VortUag  Group  oa  Saalocoaduecor  Davleac  ol  tha  Mvlaorr  Croup 
on  Elaeeroa  l\ibao  la  tha  Offlea  of  eha  ^elotaae  Sacraeary  of  Dafaaaa» 
Raaaarch  and  Eoglooerlng. 

Tha  Aaaoclcioa  for  Coapuclog  Macloary  waa  fouadad  la  1948  and  apooaorad 
oany  rogularl/  achaduled  eoapucar  eoafaraocaa*  Za  1938  cha  ZocaroaclonaJ. 
Fadaraeloo  for  loforoacloa  Proeaaalog  waa  foundid.  A papar  by  J.H*  Aalkar  of 
Ball  Laba  oa  cha  "Parforaaoca  of  nADIC  Traoaiacor  Digital  Coapucar**  ac  cha 
Caacaro  Joint  Coapucar  Coofaraoca  (whoaa  Chaaa  waa  eha  I>aalga  and  Appllcacloa 
of  Scsall  Dlglcal  Coapucara)  in  Phlladalphla  la  Dacaabar  1934  gava  a full 
dlacuaaloo  oa  cha  high**apaad  poloc  craoaiacora  uaad  la  cha  ULADZC  (oaa  of  cha 
flrac  largo  acola  eraoalacor  coepucara}  aa  wall  aa  aooa  loalghca  loco  eha 
naver  Juoeeloa  eraaalacorat 


Tha  poloc  concace  eraoalacor  haa  boao  cha  faacaae 
craoaiaeor  we  have  had  co  work  wlch*  Ze  also  haa  baaa 
cha  eraoalacor  wa  had  lo  quancicy  and  haa  baaa 
rellabla«  Tha  flrac  Junecloo  eranalacora  vara  ooc  vary 
rtllabla*  That  alcuacloa  haa  laprovad  aaoraoualy  la  eha 
lasc  yaar.  Juoeeloa  cranalacors  chac  ara  avallabla  ara 
noc  aa  faac  aa  poloc  eoocacc  craoalseors,  buc  Z chink  Ic 
boeaaa  clear  co  ua  about  a yaar  ago  chac  cha  fucura  la 
with  Junecloo  craoaiacora  rather  chan  poloc  coocaccs* 
There  ware  two  chloga  chac  coovlnced  ua  of  this*  One  was 
chac  physlclsca  arao'c  locaraacad  In  cha  point  eoocacc* 
Thsy  doo'c  uodarscaod  and  won't  work  on  cha  poloc  coocacc 
eraoalacor  so  Ic  will  naver  be  laprovad* 

Tha  Juoeeloa  davlea  oboys  cha  aachenaclcs  Chat  chay 
underscaod,  and  this  la  a vary  real  thing*  • * • * 

The  ocher  thing  which  la  equally  slgnlflcenc  la  CheC  cha 


Many  people  froo  dlffaraoC  InaclCuclooa  accaoded  cha  praaancaclon  of 
Fclker*  Those  who  parclclpaced  lo  cha  dlscuaaloa  parlod  following  cha 
delivery  of  hla  paper  raprasaotad  cha  following  Inaclcucloaa : Electro  Dace 
Corporation,  Rcalogcoo  Rand,  Zac*,  Vaaclnghousa  Elaccrle  Corporacloo,  Sperry 
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Cyroacopa  Coopany,  Ridaral  Dtlaeoasualcaeloa  Laboracorlat,  IEM(  Alrborio 
lascrueanea  Ldboracoryt  Ajtqoui  fttfoareh  rouBdatioo,  DLA  Dltlaloa  - Kcalastoa 
Ratxd  tnc«i  ttarth  ^ricaa  A7latioat  Uolvcralcy  of  lochooeor  a&d  Bsadix 
Avlacloa  Corporatloo*  Such  wlda  aecoadaoca  was  coe::oa« 

Tha  eraoslseor  as  s eoaponsac  In  eoapucsr  was  dlscusisd  by  Pilksr  slaose 
two  yssro  osrlisr  se  s Joint  AIU-I12  Coapucer  Confsrancs  hsld  In  Nsv  Toth  In 
rcbrusry  1952*  Tha  elela  of  his  papar  was  ”Tha  Translator  as  Digital  Coaputar 
CoaponanCt"  At  Chat  aacM  confaranca  Jay  U.  Forraaear  (davalopar  of  oagnaclc 
cora  sksaorias)  praaontad  a papar  antltlad  "Digital  Coaputarai  Praaant  and 
fhtura  Tranda"  in  which  ha  dlaeusaad  eoaponant  rallablllty  and  how  It  can  ba 
avaluatad*  Ha  waa  laaa  convlncad  than  aany  othara  of  tha  Itanadiata  advantagaa 
of  tranalators  over  vacuua  tubaat 

I would  caution  against  faallng  that  any  aagic  will 
auddanly  aolvo  tha  dilaasa  of  alactronic  unraliabilltyt 
Wa  hava  haard  tha  transistor  propoaad  for  tha  allaination 
of  fallura  now  attrlbutad  to  vacuus  tubaa*  Tha 
transistor  dots  look  proadsing*  X would  caution  against 
eonoldarlns  It  a panacaa*  Vacuus  tubas  in  aoaa  computar 
applications  hava  a failura  racord  as  low  as  any  thus  far 
provan  for  traoaistors*  Tha  tranalator  will  laprova  with 
not  ba  nada  with  tha  loving  cars  glvan  to  tha  firat 
laboratory  oodols* 

With  tha  propar  uaa  of  aarginal  chacklng  [this  oaans 
raising  and  lowariog  tha  voltaga  bayond  aoraal  lavals  and 
raplacing  tubaa  which  art  dafactiva  In  thoaa  ranges],  tha 
vacuus  Cuba  praaents  no  sarious  problaaa  ezeapt  froa  opon 
wal.ls  and  short  circuits*  Again,  with  tha  propar 
attltuda  toward  raliabla  alactroolca,  thasa  dlfflcultiaa 
could  ba  greatly  reduced* 

For  coaputar  use,  tha  translator  is  not  so  iocereatiag 
Cor  its  saall  size  and  power  consuaption  aa  for  tha 
unproven  poseibilicy  that  it  can  ba  nora  free  of 
interaitcaoc  changes  in  parforaanca  chan  vacuus  tubas* 

For  future  trands  It  saaas  chat  tha  elaccrostatlc  Cuba, 
ragardlase  of  type,  la  but  a translant  on  the  stage -and 
Chat  it  is  schadul^  to  ba  raplacad  in  tha  naze  few  years 
by  oa«  daveopaents  in  solid  state  physics.  A strong 
conCandar  is  the  3-d issns tonal  aagnacic  cora  storage 
array  with  a good  possibility  for  farroalaccric 
storage**®' 


Thera  is  considerable  controversy  concerning  which  cranslstorizad 
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cofflpuctr  wat  accuallx  cha  ftrac  craaalatoriztd  coaputar*  Tha  firac  largo** 
acAlo  coaputar  uaios  craoalacora  la  gaaarally  acclalaad  to  b«  cha  ISUOIC, 
built  at  Gall  Labo  and  flolahad  la  January  1934.^^  Tha  work  oa  cha  ‘DIAOIC 
wna  dooa  under  an  Air  Forco  contract*  TRADIC  contalnad  700  polnc-eoneacc 
gerianlua  cranalatoro  and  11,000  polnt-conCaet  garaanlua  dlodaa.  (Tha  dlodaa 
"glva  cha  cranalator  [aid]  la  porfomlng  Ita  fuacclona*"^^^  Tha  hlgh**apaad 
point  concacte  wara  oanufacturad  by  cha  Waacam  Uaetrlc  Coapany  which  began 
CO  produce  cranalacora  coesarclally  in  1931*  Tha  TRADIC,  running  at  1 ac,  waa 

I OQ 

aald  CO  be  coapaclclva  with  Cha  oajcrlcy  of  vacuua-cuba  coapucara. 

Tha  Burrougha  Aclaa  Kod  1~J1  Culdanca  Coaputar  ualng  aurfaca  barrier 

cranalatoro  la  dlract-coupled  cranalator  logic  la  on  dlaplay  at  cha 

Soichaonlan  Inaclcutlon  aa  "cha  firac  oparaclonal  coaputar  to  uaa  cranalacora 

rachar  than  vacuun  cubaa’^^  ic  uaa  alao  built  under  an  Air  Force  Concract* 

Although  It  waa  delivered  In  April  1933,  It  waa  not  oparaclonal  uncil 

Sepcaober  1937.  Tha  Athena  IC@t  Guidance  Syacaa,  delivered  Co  cha  Air  Fbrce 

in  1937  by  cha  Renlngcon  Rand  Dlvlalon  of  Sperry  Rand,  however,  may  have 

aceuslly  been  operational  before  the  Aclaa  Guidance  coaputar*  Tha  AChena  alao 

waa  cranalatorlred  and  haa  been  referred  to  aa  "an  early  hlgh*'reliablllcy 

cranalacorlzed  coaputar  ayacea***'*  It  contained  33,000  dlodaa,  7,500 

cranalacora  and  7,680  laagnecic  corea*  The  oeaory  conalaced  of  oagneclc  core, 
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drua,  and  magneclc  capea* 

There  are  ocher  very  early  cranalator  coapucara*  One  In  particular,  che 
Morch  Aserlcan  Tranalacorlzed  Differencial  (NAIDAN): 

waa  che  flrac  full-cranalacorlzed  or  sealnconduccor-bascd 
coapucer  Co  be  bullc  aa  aoceching  ocher  chan  a 
procotype.  1 chink  Ic  waa  operating  in  1953*  The 
funding  waa  aimed  at  building  a aoaechlng  chac  vno 
coapacc,  low  In  power  requireaenca  and  reliable* 

Tranalacora  fit  che  bill  vary  nicely  and  cubea  were  very 
unreliable*  There  may  have  been  ocher  alllcary  pcojecca 
chac  did  che  same*  We  couldn'C  calk  about  che  project  co 
che  oucaldo  world,  and  Ic  waa  fruacraclng  for  soae  of  ua 
to  go  out  and  hear  people  a year  or  Cwo  later  calking 
about  building  che  firac  cranalacorlzed  machine* 

The  Ramo-Vooldrlge  machine— *che  RW-lOO-  haa  been  acclaimed  aa  cha  firac 

digital  coapucer  uaed  for  proceaa  control*  Ic  waa  oparaclonal  la  1958  and 

purchaaed  by  Tazaco*^^^  According  co  Irving  Raed,  Lincoln  Laba  waa  che  flraC 
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CO  have  conaerxeed  an  all  aolld-atace  coaputar*  Ic  uaa  che  GC-24  and  uaa 
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oparaelag  la  19S7*  Koe  only  waa  eha  losle  traaaletorltad  but  so  «oa  cba  eora 
afiaory*  "Thara  vara  ochar  aachlooa  th*.C  ucad  eranalatora»  aad  Cbara  Bay  hava 
baoa  drun  eaehlaae  Chat  vara  all  eolld  ataca*  • . • le  daflniealy  lolluaaced 
cba  vorld*"^^^  Alcbough  ALW/£  la  aald  to  hava  aanufactured  a vary  aarly 
eraaalaeorlxed  eoaputar  lo  1996  or  1997,  tha  AMiC  600,  tha  Of flea  of  Kaval 
Rasoarcb  publlcaeloa  daacrlbeo  tha  ALWAC  800  *aa  a hlsh  ipatd,  tilth  capacity 
alactroalc  data  ayetaa  coablalng  aasMtle  cora  acorato,  aatoatle  alaaanc  logic 
aod  aodular  coaacruccloa*"  ''  Aecordlng  to  Bagao,  only  oaa  of  thaaa  coapucara 
waa  avar  aold,  aod  chat  ooa  want  to  Svadao*  Ochara  Juat  caaaload  unaold  In 
acoraga*^^^  Bagon,  cocaaonclog  on  eha  uea  of  cranalatora,  acacadt 

I hod  oppoaad  cranalatora  all  a.'*oog  bacauaa  Z fait  chat 
chay  didn't  hava  tha  digital  clrculca  worked  out  wall 
anough  yat  and  chat  chay  didn't  hava  tha  rallabillcy  and 
00  forth*  I wanted  to  wale  until  chay  wara  batcar 
parfactad*  At  that  tiaa  It  appaarad  Co  ea  that  tha 
coablnatlon  of  tubaa  and  dlodao  waa  sore  rollabla  chan 
cranalatora*  Ttila  waa  befora  tha  devalopoanc  of  your 
aodem  logic  and  all  tha  aCuff  Ilka  that;  chla  waa  vary 
aarly  in  tha  geae*  Ttio  only  thing  cranalatora  wara 
raally  good  for  at  eha  tloa  were  Japaneaa  radloa*^^^ 

It  aeaaa  chat  tha  AM  AC  800,  whatavar  iCa  circuitry,  uaa  praoaCura  and 
cooaarclally  unauccoaaful. 

Both  RCA  and  Fhllco  vara  Involved  vary  aarly  In  trans’^cor  raaaarcb  and 
produced  coosaarclal  aachlnaa*  RCA  lo  1951  davaloped  tha  Junction  flald  efface 
cranalator  (FET)  and  In  Docaaber  1958  announcad  tha  RCA  501  which  waa  a 
cranalaCorlzad  oachlna  with  a cora  aeaoiy*  Phllco  davaloped  the  aurfaca 
barrier  cranalator  In  1954  In  connection  with  a govemaant  aecurlcy  agency 
contract  to  daelgn  a hlgh**apaed  tranalatorlzed  eoaputar*  Tha  eoaputar  waa  tha 
TRANSAC  announced  In  tha  ONE  Digital  Coaputar  tfawalettar  in  January  1957  aa 
being  a 'hlgh-apaad,  alrboma  eoaputar  daalgnad  for  big  bomba ra."^^*^  Tha 
circuitry  uaa  dlract-couplad  tranalator  circuitry*  In  lata  1958,  by  soaa 
counta  one  MOCh  bafora  RCA,  Phllco  unveiled  a coenaarclal  varalon  of  tha 
TRANSAC* 

Deaplca  cba  aarly  lead  chat  Phllco  had  tha  poature  of  tha  Phllco 
executlvea  waa  that 
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choy  vara  a yaar  or  eora  ahaad  of  eoac  coapaaloa  la  cha 
davalopMBt  of  bl0  craoalocorltad  eoapucara*  . • • 

• f • • 

• • • (T]ha  Phlleo  coaputor  affort  mbs  aaall  aad  poorly 
floaocadt  • • • Tha  firat  coaplaca  ?.000  (cha  daalgaacloa 
of  tho  cosnareial  TRAHSAC]  dallvarad  (la  January  1960] 

VM  a Bodal  211,  which  had  alraady  changad  froa  cha 
Burfaca  barrlar  craaalaeor  cha  original  aodal  210  to 
cha  faacar  HAOT  eranalcora*^^^ 

1£M  foraad  lea  first  group  to  study  transistors  la  1932  and  davalopad  Its 
first  "faaily*  of  translator  logic  circuits  tha  following  yaar*  It  contlnuad 
to  InTasc  hoavlly  la  cha  davalopsanc  of  translators  aod  chair 
fabrlcation*^^^  In  1937  Ifif  fabricatad  drifc*typo  cranaistors,  aarkiag  cha 
first  eisM  IBl  uaad  cha  diffusion  tachniqua  dawalopad  in  1933  by  Ball 
Laba.^^^  Tha  drlfe*eypa  .'raoaiscors  had  high  spaad  capabiliclas*  Ac  cha  saaa 
elaa  IBM  wu  also  baginaing  to  usa  silicon  as  wall  as  beginning  to  laprovo 
significantly  fabrication  tachniquas*^^^  All  chase  davalopaanta  contrlbutad 
to  a dafloita  aod  unanblguouo  asnagaaant  daclsloo  in  1937  that  froa  that  point 
onward,  all  oachlnas  developed  at  191  would  usa  craoslstors*^^^  This  daclsloo 
was  cooimunlcscad  by  U.W.  McDowell,  lEH  Vico  Prasldant  of  Rasaarcb  aod 
Englnearlog  sod  oada  “oacassacy  cha  availability  of  a rallsbla  supply  of 
translators  aaaclng  191' s specif Icatloa*”^^^ 

Canaral  Electric  announcad  Its  cranslscorlzad  coaputar,  cha  210,  In  July 

1959.  Digital  Equlpmcnc  Corporatloo  followed  suit  In  lata  1939,  as  did 
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Control  Data  Corporatloo  In  January  I960.  In  1960  NCR  Introduced  Its  304 
systeo  which  was  asnufacturad  for  NCR  by  Canersl  Electric.  This  was  a 
crsnslstorlzed  coaputar  and  Che  oagnetic  core  naaory  was  driven  by 
transistors.  Dssch  and  Muotu  claia  responsibility  for  the  fact  chat  Che  304 
was  Indeed  a cranslscorlzad  aachloa  and  state  that  cha  change  In  Internal 
circuitry,  froa  the  original  planned  vacuua  tubeu  to  translators,  "sat  us  back 
about  six  aonchs.**  Apparently,  Chara  was  soaa  Internal  confusion  about  cha 
production  of  Che  304  before  Che  decision  Co  award  the  contract  to  General 
Electric  was  eadai  The  304  ras  Initially  designed  at  what  was  a CRC 
Installation  in  Bawthomo,  California.  Then: 

[Mjanageaent  decided  to  bring  the  engineering  eventually 
back  Co  Dayton,  aiwl  Hawthorne  didn't  like  it  a bit.  ... 
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wall*  . • ( tha  hassal  wane  oa  for  « while  aad*  ead,  end 
Mr*  Allyn  waO|  of  courtOf  waa  cho  oea  who  wm  ioolocios 
chat  Ic  tM  aoslaaorod  hare  [Oaycoa],  tad  ehaa  ha  ehaaged 
hla  nlDd  sosawhac,  aod  ha  daeidtd  chat  wa  woulda'e« 
woulda*c  aagtnaar  eba  whole  chins  he  wee  solos  co 
have  eaochar  crapeny,  a • • • enoeber  eleccroolce 
cffiapanj,  build  cereala  elaoeace  of  chle  enchloe  and  ha 
didn’t  chink  we  could  build  chaa*^^^ 

Bafora  aalecclns  General  Ueecrlc  aa  Ice  coneracCor,  NOl  alao  InTteclsaced 
ralaclooahlpa  with  Phllco  and  RCA*  Deelgn  of  Che  peripheral  uolce  reaaioed  ac 
NCR  Oaycooa.  A aora  acrlklns  plccura  of  the  NCR  decleloo  eo  concracc  wlch 
another  aaoufaccurer  la  sl^ea  tiy  Jerry  Keodalaoni  one  of  cha  dealgnera  of 
chalOA,  who  haa  been  with  CRC  when  cha  eoapany  waa  abaorbed  by  NCRi 


Sy  Schoen*  . • did  Cha  cranalacor  developaenc*  Thla  vaa 
in  19SA*  Ve  coopleced  cha  dealgo  before  cha  end  of  195A 
end  we  would  have  had  a nachlna  on  the  narkec  in  early 
1956*  NCR  panlced  when  they  thought  of  cha  Veac  Coaac 
upaearca  (CRC]  building  a nachine,  ao  chey  gave  a 
produccion  concracc  Co  CE  In  cha  coapucar  buaineaa*  CS 
had  Che  RRMA  concracc  and  chat  vaa  all*  NCR  Juac  handed 
choa  cha  cranalacor  cochnology  and  cha  eoclra  30A  logic 
aod  concape  dealgna;  chac  eoac  over  cwo  yaara  delay* 

They  didn'c  deliver  a 30A  uncll  19SU  [ale],  whareaa  we 
would  have  delivered  a cranalacor  nachlna,  finally,  but 
ic  waa  obeolace  alaoac  by  che  cine  It  caaa  ouc*  Ic  waa  a 
nachlna  chac  would  have  bean  In  advaora  of  ic  had  It  coee 
ouc  whan  Ic  ahould  have.  ^ waa  really  obaolenacenca 
(ale]  when  It  did  coae*^^^ 

Honeyvall  replaced  lea  encry  In  che  coapucer  narkec  in  1960  wlch  a 

ccanalacorized  nodal,  cha  U-200.  In  May  1960  Sperry  Rand  announced  che  Unlvac 

III,  lea  cranalatorlzad  coapuCer*  Buc  Sperry  Rand  waa  aclll  pursuing  dual 

technologlea.  Ic  cooclnued  co  be  Involved  In  nagneclc  anpllfler  cechnology, 

aa  la  clear  froa  lea  aonouncenaoc  In  Aiguac  1960  of  cha  STEP  coapucar* 

Burroughs  waa  cha  last  co  owlcch  co  cranalacorlted  nodela*  Ic  had  delivered 

che  vacuua  cube  220  In  laCe  1958  and  for  a period  of  cine  nalncalned  chec  che 

220  wao  cospoclclva  wlch  craoolacorlzed  nodela*  Finally,  In  lace  1961,  Ic 

210 

Joined  che  changeover  co  cranolecora*  In  nillcary  conpucere,  Burrougha  was 
che  early  leader  vlcb  lea  Aclas  Guidance  CoapuCer,  (Modi),  cha  first 
operaclonal  cranalacor  nachine,  buc  Ic  felled  co  use  chla  technology  In  cha 
cosnerclal  earkec* 

Thus,  by  1960  Che  cranalacor  effectively  replaced  Che  vacuun  cube  as  che 
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fuadaaeocal  eosipuear  coapooant.  l^for*  tb«  doainane*  of  cho  trtofiflcor  waa 
flchioved,  othor  coehoolotioB,  acd  la  particular  Cbat  of  aasootie  eapliflora 
varo  pursuod*  ‘nueo  taro  eubaequoaelp  aboodoaod  oa  tbo  praosioaoeo  of  cho 
traaolocor  eaa  ackcotfladgod  by  all  Industry  portlclpants*  Tba  tronolotor 
revolution  bad  baan  accoapllohsd,  tilth  sl|niflcaae  cdvancesaots  and 
opportunities  provided  directly  and  Indirectly  by  the  governttont'e  role* 

VI.  CONCLUSIOMS 
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CHAPTER  V 


Tochnical  Change  In  U.S.  Agriculture 

R.E.  Evcnaon 
Yale  Dniverolty 

The  agricultural  aector  ia  widely  regarded  to  be  traditional  and 
■ocially  backward  in  oost  economiee.  Virtually  all  countries  realizing 
what  we  usually  tenn  economic  development  experience  a decline  in  the 
share  of  the  labor  force  in  the  sector  and  in  the  share  of  the  GNP 
originating  in  the  sector.  Migration  from  rural  to  urban  areas  and 
from  agricultural  to  industrial  and  service  occupations  is  associated 
with  rapid  economic  growth.  Agriculture  has  an  image  as  a labor  in- 
tensive sector  and  has  not  generally  been  regarded  to  be  a leading  sector, 
at  least  in  many  contemporary  developing  economies. 

The  U.S.  agricultural  sector  has  undergone  rather  drastic  changes 
in  the  past  century.  The  percent  of  the  employed  labor  force  in  agriculture 
has  fallen  steadily  from  45  percent  in  1900  to  3-1/2  percent  in  1980.  The 
sector  contributed  18  percent  to  CNF  in  1900  and  contributes  roughly  4 percent 
today.  Massive  rural  to  urban  migration  has  taken  place  over  the  period  as 
well.  Nonetheless,  the  sector  does  not  fit  some  of  the  stereotypes.  It  is 
certainly  not  a labor  intensive  sector  today.  The  share  of  labor  in  total 
costs  is  roughly  21  percent,  far  below  the  comparable  share  for  almost  all 
manufacturing  sectors  (excluding  land,  it  is  27  percent).  Furthermore,  it 
has  been  a dynamic  sector.  Productivity  growth  has  been  more  rapid  than  for 
the  rest  of  the  economy.  Today  the  agricultural  sector  is  one  of  the  major 
export  sectors  of  the  economy  accounting  for  more  than  20  percent  of  U.S. 
merchandize  exports  in  recent  years. 

Much  of  the  decline  in  the  relative  importance  of  the  sector  is  due  to 
a transfer  of  activities  of  the  farm  to  the  industrial  sector.  The  retail 
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value  of  farm  foods  In  1960  la  $262  blUloo  vhlla  tha  farm  value  ia  only 
$80  billion.  Roughly  the  aame  ratio  holda  for  the  $60  billion  in  non-food 
farm  products.  The  sector  also  purchases  some  $70  billion  from  the  farm 
supply  industries. 

The  public  sector  has  a long  history  of  investment  in  the  development 
and  dissemination  of  agricultural  technology.  The  state  agricultural 
experiment  station  system  has  been  in  place  for  more  than  a century  as 
have  aome  of  the  research  units  of  the  U.S.  Department  of  Agriculture. 

While  the  interests  of  federal  and  state  governments  in  supporting  these 
research  institutions  have  generally  coincided,  most  of  the  expansion  and 
development  of  the  system  in  the  past  30  or  40  years  has  been  initiated  by  ^ 
state  governments.  The  private  sector  has  also  Influenced  productivity  in 
the  sector  primarily  via  the  farm  input  supply  industries,  although  in 
recent  years  plant  breeding  in  the  industrial  sector  has  increased  signi- 
ficantly. In  many  fields  of  research  the  public  sector  and  the  private 
sector  have  developed  a kind  of  informal  coordination  of  their  activities. 

In  this  paper  I will  review  the  productivity  performance  of  the  sector, 
the  development  of  the  public  research  and  extension  institutions  and  the 
investment  in  R & D in  the  private  sector.  Part  I of  the  paper  briefly 
reviews  organizational  characteristics  of  the  sector.  Part  II  reviews 
measured  productivity  growth.  Part  III  discusses  the  resources  devoted  to 
technology  improvements. 

Part  IV  reviews  and  reports  studies  which  have  attempted  to  attribute 

productivity  growth  to  both  private  and  public  sector  Investment  in  research. 
Part  V discusses  current  policy  issues. 


3 


I.  Charicterlaticfi  of  the  Stccor 

Table  1 provides  a ausssary  of  najor  charactcrlitici  of  the  agri- 
cultural sector.  The  data  pertaining  to  land  ahows  that  nuobor  of 
faros  peaked  around  1920  and  that  land  in  farms  has  not  changed  greatly 
since  then.  Average  size  of  fens  has  risen  by  a factor  of  three  since 
1920,  however.  Production  data  indicate  that  the  processing  and  marketing 
of  farm  foods  has  grown  more  rapidly  than  the  farm  value  of  products  re- 
flecting the  transfer  of  many  food  processing  casks  from  the  home  to  the 
market. 

Farm  income  data  show  that  livestock  production  has  become  relatively 
more  Important  over  time.  Non-farm  Income  of  farmers  now  accounts  for  more 
than  half  the  Income  of  fanners.  Also  the  ratio  of  farmer's  incomes  to 
non-farmer's  incomes  has  risen  substantially  in  recent  years  reflecting 
the  relatively  large  Increases  in  demand  in  grain  export  markets  in  the 
1970's. 
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Table  1 

General  Characteriatlca  of  U.S.  Agricultural  Sector 


18S0 


Land 


f of  Farms  (thousands) 

4,009 

Land  In  Faros  (millions) 

536 

Acres  per  Faro 

134 

X Tenants 

n/a 

X Non-Family  Corporate 

ownership 

n/a 

Production  Values 

Faro  Products  (billions) ($1975) 
Marketing  (billions) ($1975) 

Exports  ($1967) 
loports  (S196"’) 

Crop  Production  ($1967) 

Livestock  Production  ($1967) 

Income  Per  Faro  (millions  1975  Dollars) 

Cross  Faro  Sales:  Crops 

Livestock 

Products 

Government  Pa>TDcnts 
Net  Faro  Income 
Income  from  Non-Faro  Source 
(as  % of  total  farmer  income  n/a 
Ratio:  Income  of  Non-Farmers 

Prices  (1910-14  ■ 100) 

Paid  by  Farmers 
Received  by  Farmers 
Ratio  (received/parity) 


1900 

1920 

1940 

1960 

1978* 

5,737 

6,44b 

6,097 

3,962 

2,330* 

838 

956 

1,061 

1,176 

1,046 

146 

148 

174 

297 

450 

23.3 

27.7 

29.4 

14.5 

12.0 

n/a 

n/a 

n/a 

n/a 

11.2 

- 

19.25 

32.4 

41.2 

56.4 

- 

24.75 

45.9 

84.0 

118.0 

4 

,689 

4,551 

1,910 

7,489 

12,834 

1 

,972 

4,388 

5,572 

6,515 

6,526 

9 

,‘74 

12,647 

14,202 

21,438 

31,109 

13 

,509 

17,125 

22,663 

33,065 

43,505 

- 

16,635 

13,343 

28,895 

36,727 

_ 

14,885 

26,422 

35,997 

49,552 

- 

- 

4,136 

1,334 

2,545 

- 

19,395 

24,678 

22,840 

23,419 

n/a 

n/a 

36 

37 

53 

- 

- 

- 

55 

91 

- 

212 

98 

275 

638 

- 

212 

100 

239 

524 

- 

99 

81 

80 

70 

5 


Table  2 reports  aoae  of  the  features  of  changing  input  eix  which 
has  characterized  the  sector  over  the  past  70  years  or  so.  The  decline 
in  the  share  of  labor  and  the  increase  in  the  shares  of  nachinzry  and 
agricultural  chemicals  are  quite  striking.  Over  this  period,  the  harvest- 
ing of  a number  of  cocmodities  (com,  cotton,  sugar  beats)  was  ohifted  from 
hand  Idbor  to  fully  mechanized  harvesting.  Many  other  tssks  Including  those 
associated  with  livestock  husbandry  were  mechanized  as  well.  Hybrid  com 
and  other  improved  seeds  were  introduced  during  this  period  and  numerous 
other  improvements  in  technology  took  place. 

The  Importance  of  land  as  a factor  decreased  from  1910  to  the  late 
1950' s,  but  has  Increased  in  the  past  15  to  20  years.  Figure  1 shows 
capital  gains  and  asset  holding  in  U.S.  agriculture  since  1960.  Since  1970 
capital  gains  from  land  price  appreciation  in  U.S.  agriculture  have  exceeded 
net  farm  income.  Even  during  the  1960 's,  there  were  a significant  part  of 
the  total  incomp  realized  by  farmers  and  others  owning  farm  real  estate. 
Today  the  typical  family  farm  has  a large  asset  base.  Entry  into  the  sector 
by  private  individuals  is  almost  a matter  of  inheritance. 
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Figure  1 
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111.  Productlvlcy  Growth  In  the  Sector 

Table  2 provldea  a amaaary  of  aavaral  atandard  partial  productivity 
indexea  for  U.S.  agriculture.  Since  they  are  partial  indexaa,  they  ahould 
be  interpreted  accordingly.  1 have  already  noted  the  extent  to  which  many 
taaki  have  been  mechanized  in  U.S.  agriculture.  The  labor  productivity 
meaeurea  in  Table  2 ehow  truly  extraordinary  gaina  for  moat  comaodltlea. 

Given  the  apparent  ease  of  aubatitution  of  machlnea  for  labor  and  the 
growth  in  the  uae  of  other  inputa,  these  labor  productivity  indexes  are 
not  really  comparable  to  similar  Indexes  measursd  in  the  non-agricultural 
sector. 

For  crops,  however,  land  productivity  (yield  per  acre)  is  a more 
reasonable  index  of  productivity  change.  It  is  influenced  by  the  use  of 
farm  chemicals,  but  the  mix  of  labor  and  machines  generally  does  not  affect 
it  greatly.  The  data  in  Table  2 show  chat  yeilds  have  increased  dramatically 
after  the  1935-1939  period  in  all  crops.  The  classic  study  by  Zvi  Griliches 
of  the  returns  to  hybrid  com  research  was  based  on  Che  yield  changes  up  to 
1957.  As  the  table  shows,  corn  yields  have  increased  dramatically  since 
1957.  In  1979  average  corn  yields  were  over  100  bushels  per  acre.  This,  of 
course,  was  due  to  Increased  fertilizer  application  to  some  extent,  but  much 
of  it  is  attributable  to  the  several  generations  of  new  hybrid  corn  varieties 
produced  by  both  p-'llc  and  private  sector  research  in  recent  years. 

Livestock  productivity  Indexes  are  a little  more  difficult  to  interpret 
because  feud  inputs  have  increased.  Modem  dairy  cattle  are  generally  heavier 
chan  dairy  cattle  in  the  1930's  and  consequently  consume  more  feed.  Nonethe- 
less the  more  chan  doubling  of  milk  per  cow  since  Che  1930's  is  partly 
attributable  to  breeding  and  related  practices. 

In  order  to  obtain  a more  comprehensive  picture  of  productivity  change, 
it  is  necessary  to  look  at  total  factor  productivity  change.  Figure  2 portrays 
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Figure  2 


USDA  Productivity  indexes 
% of  1967 
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the  USDA  productivity  series  for  both  labor  productivity  and  total  or 
oulti-factor  productivity  since  1910.  Table  3 reports  the  annual  multi- 
faccor  productivity  aeries  since  1870.  Appendix  A to  this  paper  discusses 
the  details  of  the  calculations  involved  in  these  Indexes  end  reports  s 
coopariaon  between  these  aeries  which  use  the  factor  weights  reported  in 
Table  2 and  a Divisia-type  index  which  shifts  weights  each  year.  For 
present  purposes,  the  distinction  between  the  two  indexes  is  not  iaportant. 
All  Indexes  show  the  pattern  of  little  or  no  growth  in  productivity  prior 
to  the  late  1930's.  All  indexes  show  rapid  growth  in  the  1950’s,  and  a 
slowdown  in  growth  in  the  late  1960's,  with  ooderate  growth  in  the  1970's. 
There  is  a productivity  slowdown  in  agriculture  in  the  1970's,  but  it  is  not 
comparable  to  other  sectors  of  the  economy.  1979  was  a 

good  year  and  the  index  rose  above  120  indicating  growth  in  the  1970's  not 
far  from  the  1.9%  trend  over  the  1940-1970  period). 

These  indexes  have  been  computed  for  states  and  regions  and  these  arc 
of  interest  because  they  provide  us  with  some  Ins’tiht  into  Che  impediments 
Co  technology  transfer  and  diffusion  between  regions.  Table  4 provides 
M summary  of  rates  of  change  for  several  periods  beginning  in  1930.  (Appendix 
X> provides  details  of  calculations  and  reports  state  indexes  as  well).  The 
time  periods  are  relatively  short  (3  year  averages  are  used  as  beginning  and 
ending  values)  and  some  weather  variations  exists  in  these  data.  Nonetheless 
the  degree  of  correlation  between  regions  over  time  is  not  so  high  as  to 
suggest  rapid  technology  diffusion  between  regions. 

Over  the  1940-1978  period,  the  leading  regions  in  productivity  grovth 
were  Che  Delta,  the  Southeast  and  Che  Pacific.  The  Appalachian  region 
clearly  comes  off  worst.  The  Pacific  and  Southern  Plains  regions  have 
done  best  in  the  1970' s.  The  national  data  show  the  rapid  gains  of  the  late 
1930's  and  the  1950's.  Interestingly  the  Pacific  region  has  tended  to  lead 
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4.0 

5.1 

4.1 

3.2 

2.0 

20.2 

8. 

Southern  Plalna 

.4 

1.5 

.9 

6.6 

2.1 

2.6 

3.0 

17.1 

Sooth  (5.6.7, 8) 

1.5 

4.9 

.8 

.3 

3.4 

5.7 

3.3 

3.0 

2.0 

- 

9. 

Hoiotaln 

1.2 

7.6 

-.1 

• 6 

3.6 

3.6 

2.3 

2.3 

.8 

13.1 

10. 

Faclffc 

2.4 

.3 

1.7 

3.1 

4.9 

1.6 

1.6 

4.0 

3.0 

19.6 

United  Statee 

1 

o 

4.7 

0.2 

1.3 

3.9 

3.9 

3.5 

2.6 

1.7 

17.1 

Source.  Apptadljr  Tiblti 

Notf  All  flfurri  art  In  percent 
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othor  r«glons  in  cenn*  of  productivity  growth.  (Aggragstod  data  for 
the  North  Central  and  Southern  Ragiona  era  not  entirely  coaparablc  with 
the  data  for  the  ten  regione).  The  Delta  and  Southeac tern  regiona 
perforoted  particularly  well  in  the  1950*e  auggeeting  that  they  were 
catching  up  to  more  advanced  regiona. 
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III.  RoBourctis  Diracced  Toward  Tachnology  loprovencnt 

Aa  notad  in  an  aarliar  aecclon,  Boat  agricultural  producing  fima 
are  aaall.  Vary  few  engage  in  formal  R and  D,  although  moat  do  under- 
taka axperlaantation  aaaociated  with  acreaning  new  technology  for  coat 
effectivencBs.  It  would  be  raaaonable  to  aay  that  perhapa  one  fourth 
of  the  titae  of  a typical  contemporary  family  farmer  ia  devoted  to  aearch 
and  Bcreenlng  and  experimentation  with  improved  tachnology.  This  entails 
attending  meetings  and  programs  offered  by  the  public  extension  aervlce 
and  by  the  State  Agricultural  Experiment  Stations,  assessing  the  literature 
generated  by  Che  public  extension  service  and  by  private  Input  supply  firms 
and  visiting  Input  suppliers. 

In  the  course  of  experimentation  associated  with  search  and  screening 
of  technology,  a certain  amount  of  technology  adaptation  and  modifications 
takes  place.  Most  of  this  adaptation  qualifies  as  "sub-invention",  but  the 
farm  sector  has  also  traditionally  generated  a fair  amount  of  genuine  inven- 
tion over  the  years. 

The  bulk  of  the  new  technology  employed  in  the  sector  is  produced  out- 
side the  farming  sector.  A substantial  part  is  produced  by  input  supply 
firms,  Che  farm  machinery  and  farm  chemical  industries  include  a number  of 
large  R and  D Intensive  firms  as  well  as  many  smaller  Innovative  firms. 

The  post-harvest  Industries  also  include  a number  of  large  firms  with  R and 
D activities  although  Che  food  and  beverage  Industries  are  not  generally  con- 
sidered to  be  highly  R and  D intensive. 

Public  sector  research  and  extension  activities  are  particularly 
Important  to  this  sector.  It  has  long  been  recognized  that  the  absence  of 
large  scale  farm  firms  would  severely  limit  the  Incentives  for  private  in- 
ventive activity.  This  was  particularly  the  case  for  technology  improve- 
ments where  patent  protection  was  not  effective.  Most  plant  breeding 
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InproveaenCB  fall  In  this  category.  A new  plant  variety  say  differ  from 
earlier  varletlea  In  characterlatlca  which  are  not  eaally  Identified.  In 
thoae  crops  where  seed  can  effectively  be  produced  on  every  farm  and  this 
Includes  most  crops • an  Inventor  will  find  that  he  can  appropriate  only  a 
■mail  part  of  the  value  of  the  new  technology. 

Actually  the  U.S.  Patent  Office  Itself  can  be  said  to  have  originated 
public  sector  research  work  directed  coward  agriculture.  Recognizing  the 
limited  appropriability  of  some  agricultural  Inventions • it  set  up  an  agrl' 
cultural  division  in  1639.  This  division  undercook  some  research  and  a 
number  of  regulatory  accivicles.  The  Department  of  Agriculture  was  estab- 
lished in  1662  in  part  to  handle  Che  growing  need  for  research  and  regulatory 
accivicles  (particularly  with  plant  and  animal  diseases).  The  Patent  Office 
division  undercook  extension  activity  by  reporting  information  of  value  to 
farmers  in  its  annual  reports. 

By  1860  several  states  had  established  colleges  of  agriculture  (Michigan. 
1837,  New  York,  1633  and  Maryland,  1656  were  the  earliest).  The  Land  Grant 
College  Act  of  1862  provided  funding  for  a College  of  Agriculture  in  each 
state.  The  early  colleges  were  not  research  oriented  - choosing  to  stress 
"practical"  training.  Research  was  given  Its  main  Impetus  by  the  Hatch  Act 
of  1887  which  provided  research  funds  to  each  state  for  agricultural  re- 
search. Today  the  public  sector  system  Includes  52  State  Agricultural 
Experiment  Stations  (SAES)  and  a number  of  USDA  research  laboratories. 

Figure  3 provides  a typology  of  technology  fields  and  research  per- 
forming organizations  which  may  be  helpful  In  this  discussion.  I have 
classified  technology  Into  biological,  mechanical,  chemical  and  post- 
harvest types.  For  each  type  of  performing  organization  I have  attempted 
to  indicate  their  relative  importance  in  producing  technology  by  a series 


of  4 letters. 
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Flgura  3;  Schematic  Typology  of  Technology  Improvenr at 
by  Type  of  Reaeerch  Performing  Orgenitetion 
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Symbols  H M L - High  Medium  Lou  in  terms  of  degree  of  contribution 
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D - Development 
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Hi  M,  or  L indlcacaa  the  ralativ*  ioportanct  in  davaloplng  tachnology 
(a  nuober  of  calls  or  a blank  indicating  no  significant  production). 

S or  I indicate  whether  the  organisation  originates  new  inventions  I or 
prlnarly  modifies  and  adopts i i.a.,  sub>lnvantion  S. 

D indicates  that  the  performing  organisation  invests  in  product  develop- 

Bcnt. 

V indicates  whether  the  inventive  effort  is  of  a high  risk  innovative 
sort.  The  term  "wildcat"  is  applied  to  this  type  of  invention  because  of  the 
parallel  with  oil  exploration  where  certain  firms  specialise  in  high  risk 
exploration  while  others  specialise  in  the  development  and  refinement  of 
fields  already  discovered. 

1 will  attempt  to  provide  some  evidence  to  support  at  least  some  of  the 
qualitative  judgment  underlying  Figure  1 in  later  discussions.  Here,  however, 
a summary  will  be  useful. 

First  we  may  note  that  farms  themselves,  for  the  most  part,  sub-invent. 

They  produce  little  in  the  way  of  chemical  or  post-harvest  technology.  They 
do  a fair  amount  of  mechanical  technology  modification  through  sub-invention. 

Farm  machinery  firms  arc  always  on  the  look-out  for  farmer  produced  modifications 
in  machine  design.  A fair  number  of  patented  inventions  emerge  from  farmers 
because  of  the  wildcat  phenom  enon.  Large  machinery  firms  seldom  engage  in 
high  risk  inventive  activity  so  that  virtually  all  new  farm  machines  emerge 
from  the  farm  and  small  manufacturing  sector. 

Farmers  do  produce  biological  technology.  In  foct  virtually  all  animal 
breed  improvements  are  produced  by  farmers,  although  they  are  aided  greatly 
by  artlfical  insemination  firms  and  public  sector  research.  Some  crop  varl- 
tles  have  been  produced  by  farmers,  particularly  in  the  early  part  of  the 
century.  In  recent  years  changes  in  plant  breeding  patent  protection  laws 
have  stimulated  increased  breeding  activities.  A number  of  larger  corporate 


farms  are  nov  apeclallzlng  In  plant  laprovooent  work.  Haoy  oaall  hybrid  com 
companiee  are  egeentially  corporate  fame. 

Firms  aupplying  inputs  and  purchasing  outputs  have  played  a major  role 
in  the  development  of  farm  technology.  These  include  machinery  dealers  who 
provide  repair  services  end  engage  in  some  aub>invention.  Blecksiaich  shops 
end  small  custom  engineering  shops  also  fell  in  this  category.  On  the  bio* 
logical  side,  this  category  includes  firms  specializing  in  technology  pro- 
duction end  sale.  Seed  companies,  horticultural  supply  companies  end  arti- 
fical  insemination  firms  fall  in  this  category.  Feed  supplier,  fertilizer 
supplies  and  veterinarians  also  contribute.  Many  of  these  suppliers  conduct 
end  facilitate  the  experiments  which  are  important  to  any  technology  develop- 
ment process.  They  deal  with  both  farmers  and  manufacturers.  Their  success 
depends  on  selling  new  products  to  farmers,  they  are  continually  obtaining 
feedback  from  farmers  regarding  the  products  they  sell.  They  in  turn  pass 
this  information  on  to  manfacturers  and  thus  "articulate"  the  demand  for 
Inventions . 

Manufacturing  firms  are  not  very  Important  In  producing  biological 
technology  except  in  animal  feed  manufacturing.  They  are,  of  course,  quite 
important  in  mechanical  and  chemical  technology.  In  general,  I have  in- 
dicated that  the  wildcat  quality  of  invention  is  confined  to  small  firms 
and  that  laige  firms  generally  do  little  high  risk  invention.  This  is  a 
Judgment  on  my  part,  although  I will  provide  empirical  evidence  for  this 
in  Che  farm  machinery  sector.  I am  on  less  firm  ground  regarding  the 
chemical  area.  It  may  be  the  case  chat  large  firms  are  quite  innovators  in 
some  of  these  fields. 

The  public  sector,  research  and  extension  system,  as  noted  earlier,  was 
developed  in  response  to  several  perceived  short-comings  in  the  private  sector. 
First,  it  was  clear  that  in  certain  fields,  notably  in  biological  technology. 
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private  firms  did  not  have  adequate  Incentives  to  engage  In  technology 
iaproveisent.  Second,  there  was  a perceived  need  for  a public  role  In 
providing  objective  Information  to  farmers  not  only  regarding  technology 
produced  by  the  public  sector  Luc  by  the  private  aoctor  as  well.  Third, 

It  was  recognized  that  even  where  Incentives  for  private  sector  applied 
research'  activity  Is  strong,  the  Incentives  for  mor> fundamental  or 
basic  research  are  not. 

The  public  system  Includes  both  Fede'^il  (LSDA)  and  State  (SAES)  units. 
Most  State  units  are  Integrated  with  State  >and  Grant  University  teaching 
units  and  to  a lesser  extent  with  State  Extension  services.  SAES  programs 
tend  to  be  highly  departmentalized  and  most  researchers  also  hold  university 
teaching  positions.  In  some  SAES  units,  graduate  student  research  Is  a 
large  part  of  the  research  output.  Over  time,  a number  of  agricultural 
science  disciplines  have  emerged.  The  Institutional  structure  of  the  SAES's 
includes  very  applied  disciplines,  such  as  plant  breeding  and  agronomy  and 
more  basic  dlsclplles  such  as  genetics. 

It  has  been  argued  (Evenson,  Waggoner  and  Ruttan,  Science  1979)  that  the 
character  of  the  SAES  organization  and  the  research  programs  have  been  impor- 
tantly Influenced  by  farmer  Interest  groups.  The  researchers  In  the  SAES 
were  to  have  full  control  over  the  research  programs  they  would  alter  the 
programs  substantially.  In  some  ways  the  Interest  group  Influence  or  arti- 
culation of  demand  produces  certain  Inefficiencies.  A fair  amount  of 
duplication  of  programs  and  field  trial  and  testing  programs  have  been 
demanded.  Many  current  critics  of  the  system  (mostly  from  the  federal 
government  note  this  duplication  and  lack  of  co-ordination  and  also  what 
they  perceive  to  be  low-quality  research.  They  do  not  generally  note 
that  the  system  actually  has  some  means  by  which  Its  clients  can  articulate 
their  interests.  This  feature  may  well  be  worth  (and  I would  argue  that  it 
is)  paying  the  price  of  some  duplication  and  of  a fair  amount  of  field  testing 
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which  doei  not  qualify  aa  high  quality  rcoearch. 

The  articulation  of  faroer  intcreata  worka  very  differently  at  the 
atate  and  federal  lavela.  At  the  federal  level  reaearch  loteraata  tend  to 
be  of  minor  importance  cosqjared  to  the  more  direct  iaauea  of  price  aupporta 
tariffa  and  other  farm  policy  iaauea.  In  fact,  they  are  aometimea  aaen  to 
be  in  conflict  with  the  broader  farm  income  intereata.  At  the  atate  level, 
price  and  income  policy  intereata  are  not  important  alnce  they  muat  be 
dealt  with  at  the  federal  level.  The  reaearch,  extenaion  and  teaching 
programs  are  important,  however,  aince  they  directly  aerve  atate  raeidenta. 
States  do  not  generally  take  into  account  the  effects  of  their  programt 


outside  the  state. 
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Table  5 aussnarlaea  patented  Inventiooa  In  four  broad  technology 
fielda  related  to  crop  harveatlng,  four  anlaal  huabandry  fielda  and 
four  crop  huabandry  fielda.  The  reader  will  note  the  large  nuaber  of 
patents  obtained  In  the  1650'a,  lB60'a  and  1870'a. 

Table  6 reporta  the  patenting  by  decade  in  plantera  and  drilla 
by  origin  of  the  inventor.  It  alao  Indicatea  the  pattern  of  patent 
aaaignment  at  time  of  iaaue.  Aaalgnment  to  a corporation  la  an  index 
of  the  degree  of  corporate  or  company  invention  aa  oppoaed  to  individual 
invention. 

The  reader  will  note  two  phenomena  In  Table  6.  The  first  la  the 
steady  growth  In  aaBlgnmcnt  reflecting  the  development  of  the  farm  machinery 
industry.  The  second  is  the  regional  pattern  of  invention.  As  aectlement 
proceeded  westward  we  observe  tillage  Inventions  emerging  from  a region 
roughly  50  years  or  so  after  settlement  of  the  region.  Ve  also  observe 
patenting,  particularly  assigned  pattentlng  tending  to  be  located  where 
the  farm  equipment  firms  were  located.  In  the  period  prior  to  1880  or  so,  a 
large  number  of  small  firms  producing  tillage  equif.iiii.r.t  u«re  in  business. 
Danhalf  ( ) reports  that  more  than  600  distinct  models  of  plans  were 

advertised  for  sale  in  the  Northern  U.S.  in  1880.  Many  of  these  small  flrmi 
or  shops  started  their  business  around  a particular  in/entlon. 

During  the  1880's  and  1890's,  the  Industry  consolidated  rapidly,  the 
large  firms  (McCermlck  Deerlng,  John  Deers,  Case,  Allis  Chalmers,  Minneapolis 
Moline,  etc,)  in  the  industry  were  located  in  the  midwest.  These  firms  often 
purchased  the  assets  Including  patents  of  the  small  firms  as  they  expanded. 

A final  point  of  note  about  Table  5 is  the  practical  disappearance  of 
patenting  activity  in  the  New  England  and  Middle  Atlantic  regions  prior  to 
the  slowdown  In  patenting  in  the  field.  Appendix  B provides  similar  tables 
for  other  technology  fields.  The  pattern  in  Table  5 holds  in  most  of  these 
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flfilds.  Appendix  B dlecuseei  chit  phenooMDon  in  the  context  of  e aodol 
of  technology  trenefer.  The  eeeentlel  erguaent  le  that  elnce  eoll, 
cliaate  end  economic  conditions  varied  by  regions,  adaptive  research  or 
Invention  is  possible.  As  new  regions  opened  up,  inventors  found  It 
possible  to  modify  and  adapt  technology  to  theta  conditions.  Many  of 
those  lnven:lons  are  quite  minor  in  nature  and  tended  to  be  .‘incorporated 
In  more  gensral  design  features  of  machines. 

In  such  a situation  there  is  a natural  tendency  for  there  to  be 
primary  suppliers  of  inventions  and  secondary  or  adaptive  suppliers  of 
Inventions.  Secondary  suppliers  can  exist  when  adaptive  inventions  are 
low  cost.  The  primary  suppliers  of  inventions  will  be  oriented  to  the 
major  markets  for  the  products  In  question.  In  the  case  of  farm  machinery, 
Che  growth  of  the  miowest  regions  shifted  the  primary  market  for  form 
machinery  westward.  Inventors  In  the  original  New  England-Klddle  Atlantic 
primary  market  lost  their  comparative  advantage  in  inventlves  for  the 
primary  market  to  Inventors  located  closer  to  the  operating  conditions  in 
the  midwest.  The  New  England-Middle  Atlantic  region  reverted  to  Che  status 
of  a secondary  market  with  little  potential  for  new  adaptations. 
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(94) 

(30) 

(9) 

(1) 

(9) 

(3) 

(1) 

(1) 

(2) 

1910-19 

3 

43 

• 99 

312 

90 

63. 

82 

133  ' 

22 

28 

14 

14 

. (7) 

(28) 

(75) 

* (29) 

(6) 

(4) 

(7) 

(6) 

(1) 

. (1) 

1920-29 

4 

14 

37 

81 

23 

28 

18 

43 

9 

17 

13 

6. 

, 

(2) 

(11) 

05) 

(5) 

(3) 

(2) 

(1) 

1930-39 

6 

29 

66 

126 

51 

32 

11 

59 

15 

26 

25 

13  . 

(9) 

(29) 

(57) 

(23) 

(10) 

(11) 

(2) 

(5> 

(2) 

(6) 
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toaoTch  and  Entonalon  in  the  20th  Century 

Table  7 sumarizes  public  aector  invaatnenc  In  agricultural  re- 
eaarch  and  extension  since  1890.  llie  expenditure  data  are  In  constant 
1959  dollars  to  enable  cocpariaons  over  tlae,^  and  all  expenditure  data 
refer  to  research  and  extension  oriented  to  agricultural  production  only. 

Here  ve  note  that  the  system  was  relatively  small  prior  to  1910.  Host 
of  the  funding  on  research  in  the  State  Agricultural  Experiment  Stations 
‘(SAES)  was  from  federal  Hatch  Act  funds.  The  United  States  Department  of 
Agriculture  (USDA)  had  developed  the  Beltsville,  Karyland  station  vltb  aevaral 
others,  and  was  investing  almost  as  much  on  research  in  these  stations 
as  were  the  states. 

The  1910  to  1923  period  exhibits  a significant  expansion  in  both 
SAES  and  USDA  research  as  well  as  the  development  of  the  Federal  Exten- 
sion Service,  After  1920,  expenditures  on  the  Vocational  Agricultural 
Education  system  also  became  significant.  In  contrast  to  the  earlier 
period,  the  contribution  from  state  governments  then  became  significant, 
both  in  support  of  research  and  extension.  The  Granges  and  the  Farm  Bureaus  were 


ihe  price  index  used  to  deflate  current  expenditures  is  taken  from 
Evenson  (1968).  It  is  constructed  by  deflating  separately  the  expenditures 
on  professional  staff  by  an  index  of  university  professors'  salaries, 
technical  and  clerical  staff  (skilled  labor),  equipment  (metal  and  metal 
equipment),  and  building  investment  (building  materials).  The  1970  defla- 
tion is  based  on  an  index  constructed  by  NSF  [1972]. 


I 
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Table  7:  Expenditures  on  Research  and  Zztenaion  Oriented  to  Isproved  Agricultural  Production 

Technology. 


Public  Sector:  U.S.  Agriculture  1890  to  1970 

Kllllons  of  Constant  1959  Dollars 


Year 

EXPENDITURES 
State  ARrl.Exp. 
State 

Total  Funded 
1 

ON  RESEARCH 
1 Stations 
Federal 
Funded  USDA 

Z X 

USDA 

outside 

state 

Expenditures 
on  Public 
Extanslon 
Service 

Vocational 

Agri. 

Prograas 

Soil 

Conservation 

Service 

1890 

3.7 

.22 

.78 

1.0 

.1 

1900 

U.l 

.34 

.66 

4.0 

.5 

1 

1910 

14.2 

.39 

.61 

18.2 

.9 

1915 

13.1 

.72 

.28 

24.0 

7.2 

i 

i 

1920 

11.0 

.77 

.23 

18.8 

17.8 

11.9 

1925 

16.3 

.85 

.15 

22.7 

23.6 

16.8  i 

1930 

29.0 

.73 

.27 

i 

1 

37.0 

29.6 

23.3 

1935 

30. 

.57 

.27 

.16 

, 25.4 

26.9 

25.9 

2.1 

1940 

43.4 

1 

.54 

.28 

.18  ' 

46.0 

41.3 

45.9 

32.7 

1945 

43.8 

.56 

.23 

.20 

37.5 

39.1 

39.9 

48.1 

1950 

74.5 

.63 

.17 

.20 

32.0 

54.0 

56.2 

74.4 

1955 

96.4 

.63 

.17 

.20 

34.2 

58.3 

64.7 

70.1 

1960 

132.2 

.55 

.15 

.30 

33.6 

65.0 

64.7 

78.1 

1965 

147.8 

.58 

.16 

.26 

26.0 

68.9 

1970 

158.9 

.66 

.16 

.18 

42.0 

Sources:  L®tlner  [1962] 

Evenson  [1968] 


USDA  work  sheets 
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also  instruBsntal  in  dsvaloplnt  both  stats  sad  fadaral  support  for  rsssarch, 
end  to  an  even  greater  extent  for  extension. 

After  1925,  a further  najor  expansion  of  the  research  systeo  took 
place,  again  with  significant  state  support.  Data  for  1935  Indicate  a 
significant  new  pattern  of  invesciisenc.  The  federal  govemaent  in  expand- 
ing the  USDA  research  now  began  to  locate  a sigDlflcant  aaount  of  its 
research  activity  in  the  states,  often  locating  scientists  directly  in 
the  state  experiment  stations.  Much  of  this  expansion  took  place  in  the 
southern  states. 

The  post  Vorld  War  II  expansion  of  the  research  system  was  most  rapid 

from  1945  to  1960  , and  wirtually  all  of  this  expansion  took  place  in  the 
state  experiment  stations.  The  L'SDA  investment  outside  the  state  exper- 
iment stations  has  changed  little  since  1930.  Since  we  are  considering 
procuction  oriented  research  only  in  this  table,  ve  should  note  that  the 
USDA  has  expanded  its  research  programs  in  the  utilization  and  marketing 
of  farm  products  very  significantly  since  1945.  Additionally,  it  is  interesting  to 
note  that  the  federal  government  through  its  investment  decisions  has 

been  very  influential  in  changing  the  research  system,  even  though  state 
governments  have  provided  the  majority  of  the  funds.  In  the  1930' s and 
1940 's  it  located  much  of  its  Investment  in  the  "lagging"  regions,  chiefly 
the  south.  In  tnls  way  it  had  a major  impact  on  the  regional  nature  of 
productivity.  In  the  1950's  and  1960's  it  shifted  emphasis  to  marketing 
and  utilization  research,  to  a much  greater  extent  than  would  have  occured 
If  the  states  were  determining  the  investment  pattern. 
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Beeearch  expenditures  rose  less  rapidly  In  the  1960* s and  have  been  roughly 
constant  In  recent  years.  Bxpcndlcnres  on  eha.axtenslon  sarriea 

end  vocational  agricultural  prograas  have  probably  declined  In  real  terns 
since  reaching  peak  levels  in  the  early  1950* s. 

Ve  do  not  have  detailed  data  on  the  research  activities  in  the  private 
sector  that  are  of  direct  relevance  to  Isproveoents  In  the  efficiency  of 
agricultural  production.  The  available  data  are  suamarized  In  Table  g 
vhere  the  expenditures  reported  are  for  "research  and  developaent . " It  Is  dif- 
ficult to  coBpare  these  vlth  the  expenditures  In  the  public  sector  because  aueh 
of  the  research  In  the  public  sector  does  not  lead  to  a saleable  product,  and  does 
not  Involve  the  sane  kind  of  developaent  that  characterizes  ncv  fam  lapleoants, 
pesticides,  etc.  On  the  other  hand,  the  public  sector  expenditures  do  support  vhat 
night  be  called,  "developaent"  as  many  field  trials,  for  exan5)le,  may  be  classified. 

For  comparative  purposes,  ve  would  Include  only  a portion  of  the 
research  In  the  faro  machinery  and  agricultural  chemicals  Industries  as 
the  private  sector  counterpart  of  the  public  sector  expenditures  reported 
In  Table  7.  The  expenditures  In  the  food  and  kindred  products  sector 
are  mostly  for  utilization  research  and  the  marketing  of  agricultural  goods 
after  they  leave  the  producing  sector.  The  National  Science  Foundatxon 
data  Indicate  that  approximately  three-fourths  of  the  research  and  devel- 
opment expenditures  are  for  "development."  If  ve  make  the  crude  adjust- 
ment to  production  oriented  research  *uid  development  expenditures  that 
one  half  of  these  expenditures  are  comparable  to  public  sector  activities 
called  research,  we  find  that  during  the  1950's  the  private  sector  accounted 
for  approximately  one-fourth  of  the  total  agricultural  research  budget,  and  the 
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Tabic  8:  Research  and  Developiaent  Expenditure*  by  Private  Industrial 

Firms  of  Relevance  to  U.S.  Agriculture.  * 

Millions  of  Constant  1959  l>ollars 


1952 

1958 

1960 

1965 

1970 

1975 

Production  Oriented: 

Agricultural  Checlcals 
(SIC  287) 

31 

35 

27 

52 

67 

75 

Farm  Machinery 
(SIC  352) 

31 

58 

72 

78 

60 

66 

Product  Oriented: 

Food  i Kindred  Products 

61 

72 

88 

107 

118 

133 

Source:  Kational  Science 

Foundation 

, "Research 

and  Development  in  Industry 

1970,"  NSF  72-309 

for  1960, 

1965,  1970. 

. 

Utlmcr  R.  [1962]  for  1952-1958. 
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private  share  rose  to  roughly  40  percent  during  the  196C's. 

It  is  always  dlfflctilt  to  draw  a line  drllneating  research  that  la  or 

la  cot  oriented  to  particular  econonlc  activity.  The  data  in  Table 
and  later  tablet  referring  to  the  public  aector  Include  aoae  production 
oriented  research  undertaken  outside  the  state  universities.  That  is,  for  tza^>le, 
if  any  USDA  funding  is  Involved,  research  conducted  in  a private  univer- 
sity included.  Sonetheless  a great  deal  of  agricoltur- 
ally  related  research  is  missed.  Research  in  plant  and  animal  physiology  , 
in  plant  and  animal  genetics,  in  cytology,  in  eocperiaental  desigiv  and 
*a  number  of  other  fields  of  science  is  of  direct  importance  to  applied 
agricultural  research.  Ue  have  only  one  estimate  of  the  magnitude  of 

this  research  activity,  in  1955,  a USDA  study  group  estimated  chat  expen-. 

ditures  for  agriculturally  related  research  was  approximately  seventy 

on  agricultural  research. 

percent  of  the  public  sector  spending/  If  we  accept  this  estimate  for 
purposes  of  a crude  allocation  of  research  effort  relevant  to  agricul- 
ture in  1965,  Che  public  sector  (SAE3  plus  USDA)  accounts  for  slightly 
less  than  one  half  of  the  total  and  the  private  sector,  roughly  20  percent. 

The  remainder  is  agriculturally  related  research.  Since  much  of  the 
latter  spending  is  from  public  funds,  agricultural  research  is  predomin- 
ately a public  sector  activity. 
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The  date  presented  Co  this  point  do  not  adequately  Indicate  how 
BJch  research  effort  Is  being  devoted  to  the  loluClon  of  particular 
problems.  It  is  difficult  to  obtain  a measure  of  research  "intensity" 
ot  research  expenditures  per  "problem."  Later  ws  will  uac  a ■eaaure  baaed 
on  geo-cllaate  region  and  on  coaaodity  conplezlty, .but  here  we  want  a elsple 
suasBary  aeaeure.  The  research  intensity  Beasure  that  we  present  in  Table  9 
is  research  expendiCurea  par  thousand  dollars  of  coBaoaicy  value.  Kesearcb 
intensities  for  all  livestock  and  livestock  products  and  for  all  crops  are 
then  calculated  for  each  of  Che  ten  regions.  • 

By  this  measure,  the  southern  regions,  even  in  1951,  were  not  lagging 
behind  the  rest  of  the  country.  In  1951,  the  southeast  region  bad  the  highest 
livestock  research  intensity,  and  ranked  5th  in  crop  research  in- 
tensity. The  Delta  region  also  had  relatively  high  research  intensities. 

The  Corn  Belt, on  Che  ocher  hand,  ranked  low. 

This  measure,  as  ve  have  noted,  is  an  imperfect  one  for  several 
reasons.  First,  the  Intensities  are  not  corrected  for  crops  fed  to  live- 
stock. The  value  of  forage  and  pasture  crops  not  marketed  should  be 
subtrected  from  the  livestock  intensity  deflator  and  added  to  the  crop 
Intensity  deflator.  Doing  so  would  bring  the  intensities  more  closely  in  line 
with  one  another.  Of  more  Importance,  the  dollar  value  of  production  in 
a regioq  is  not  necessarily  an  Indicator  of  the  difficulty  of  producing 
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Tablt  9:  ftesearch  Orientatlaa  by  Rcgioa:  U.S.  Agrlcul^ura  1951  aad  1963 

Expenditure!  (in  1959  dollars)  on  Eeaearch  by  Orientation 


1 LIVESTOCK 

1 CROPS 

ECONOMIC  4 

mmmsa 

Expend- 

ENGINEERING 

Beglon 

Expend- 

iture 

EZP/ 

Cooaodlty 

Value 

B^end- 

iture 

Iture 
per  $000 
CosBBodity 
Value 

Expend- 

iture 

Share  of 
Research 
Expend- 
itures 

Expend- 

iture 

Share 

1.  Northeast 

1951 

3.66 

1.79 

5.86 

5.96 

.047 

1.27 

.112 

1963 

6.03 

2.65 

7.42 

7.47 

.062 

2.51 

.147 

2.  Lake  States 

1951 

2.48 

1.12 

2.68 

3.62 

.48 

.074  ’ 

.84 

.130 

1963 

3.91 

1.56 

4.10 

4.38 

.78 

.076 

r.59 

.154 

3.  Com  Belt 

1951  j 

4.48 

.88 

3.21 

1.71 

.77 

.078 

1.41 

.143 

1963 

6.47 

1.16 

4.04 

1.40 

1.19 

.084 

2.44 

.172 

4.  No.  Plains 

1951 

2.24 

1.14 

1.55 

1.51 

.27 

.059 

.54 

.U8 

1963 

4.47 

1.85 

3.14 

2.26 

.70 

.075 

.97 

.104 

5.  Appalachala 

1951 

2.19 

1.81 

2.63 

1.41 

.49 

.082 

.66 

.110 

1963 

4.48 

3.07 

3.95 

2.15 

.81 

.076 

1.40 

.131 

6.  Southeast 

1951 

2.22 

3.22 

3.89 

2.37 

.69 

.087 

1.06 

.134 

1963 

5.67 

4.33 

7.24 

4.45 

.91 

.060 

1.38 

.891 

7.  Delta 

1951 

1.22 

2.32 

2.70 

2.64 

.68 

.135 

.46 

.091 

1963 

3.73 

2.41 

j 4.22 

2.60 

.55 

.057 

1.23 

.126 

8.  So.  Plains 
1951 

' 2.32 

1.79 

2.24 

1.90 

1 

.40 

.074 

1 

* 

.080 

1963 

3.72 

2.40 

3.89 

2.59 

.65 

.067 

1.38 

.143 

9.  Hoiaicaln 

1951 

2.84 

2.21 

2.38 

2.60 

.61 

.088 

1.06 

.153 

1963 

5.21 

3.30 

4.74 

4.07 

1.01 

.092 

1.67 

.132 

10.  Pacific 

1951 

3.93 

3.00 

4.91 

2.18 

1.75 

.067 

1.47 

.132 

1963 

6.77 

3.70 

9.53 

3.59 

1.54 

.073 

3.07 

.146 

*dollars  research  per  thousand  dollars  of  conoodlty  value. 
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nev  technology  of  value.  The  Corn  Belt,  for  cxas^le,  nay  have  a sore 
homogeneous  set  of  geo-climate  factors  vlthln  It  than  the  Southeast. 

If  so,  a research  finding  in  the  Com  Belt  vlll  be  adopted  over  more 
units  of  production.  Hence,  the  research  activity  per  economic  problem 
Bay  veil  be  higher  in  the  Com  Belt. 

In  addition  to  research  directly  oriented  to  livestock  and  crop 
production,  tvo  additional  categories  are  shown.  The  economics  and  engin- 
eering research  includes  only  production  oriented  research,  but  basic  research 
Includes  phytopathology,  soil  science,  botany,  zoology,  genetics,  and  plant 
and  animal  phj'siolog;^'  in  agricultural  research  institutions.  Regional  dif- 
ferences in  the  shares  of  economics  and  engineering  are  somewhat  greater  than 
in  the  share  of  basic  research,  as  the  southern  regions  have  relatively  high 
shares  of  economics  and  engineering  research  and  low  shares  of  the  more  basic 
research. 


Rj.«,.»reh  and  Ertenslon ■SxpeQtt W?  tn  RftglgBg. 

The  i**ue  of  research  "deflation"  to  obtain  a saasure  of  research 
effort  per  research  problra  is  a difficult  one.  As  we  have  noted,  re- 
search per  state,  research  per  fan^  and  reaearen  per  unit  of  conaodlty 
value  all  have  Isperfections.  In  this  section  we  offer  a measure  based 
on  geo-clioate  zones  or  regions  that  is  closer  to  a meaningful  measure 
than  the  more  conventional  measures.  We  will  use  this  definition  in  later 
econometric  specifications  which  relate  research  effort  to  productivity. 

We  deflate  research  by  the  "adjusted"  number  of  commodities  and  the  number 
of  geo-climate  zones  within  a state.  We  also  use  the  regional  research 
classifications  to  define  the  research  activity  relevant  to  the  producers  in 
each  state. 

It  is  not  possible,  tinfortunately,  to  obtain  from  the  geography  lit- 
erature a standardized  set  of  homogeneous  crop  production  regions  for  Che 
United  States.  It  is  not  an  easy  cask,  since  several  climate  factors  and 
a large  set  of  soil  and  topology  characteristics  are  important  to  crop 

production,  and  any  attenpt  to  define  regions  involves  the  explicit  or  In^jlicit 
weighting  of  these  factors.  Of  course,  a number  of  them  are  reasonably 
highly  correlated  and  this  simplifies  the  task.  Soil  characteristics  are 
determined  to  a large  extent  by  climate  factors,  for  example,  and  the 
definition  of  a geo-climate  zone  may  not  require  a decision  as  to  whether 

f 

climate  factors  or  soil  characteristics  are  more  important. 

The  extent  or  level  of  detail  to  incorporate  into  the  definition 
of  regions  or  zones  is  also  arbitrary.  It  could  be  fine  enough  to  dis- 
tinguish between  very  small  differences  in  soil  texture,  for  example,  &od 
the  soil  surveys  prepared  for  many  countries  in  the  United  States  by  the 
Soil  Conservation  Service  have  such  detail.  Unfortunately,  we  are  dealing 
with  more  aggregate  economic  units  and  require  a broader  definition.  In 
particular,  ve  want  a re,;i*on  to  be  defined  in  terms  that  are  meaningful 
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to  the  transfer  of  technology  between  states. 

We  concluded  that  the  regions  and  sub-regions  defined  by  the  re- 
searchers in  preparing  the  1957  Yearbook  of  Agriculture  were  best  suited 
to  our  purpose.  With  some  adnor  modifications  to  the  regions  presented  In 
that  report,  we  developed  the  regional  configuration  shown  In  Figure  2. 

In  all  there  are  16  regions,  each  defined  on  the  basis  of  relative  homogeneity 
of  soil  and  climate  factors.  Each  region  has  from  one  to  five  sub-regions 
(40  in  all),  and  most  sub-regions  and  all  regions  extend  across  state  boundaries. 

In  Table  10  research  expenditures  in  constant  dollars  by  region  are 
presented  for  selected  years.  The  allocation  of  research  expenditure  to 
regions  was  done  on  a commodity  basis.  For  each  of  21  commodities,  state 
research  was  alloted  to  each  sub-region  according  to  the  share  of  that 
commodity  produced  in  the  region.  The  regional  totals  then  are  the  sum  of 
commodity  research  plus  a proportional  allocation  of  the  non-commodity 
oriented  research. 

Commodity  Orientation  of  State  Agricultural  Experiment  Station  Research 

In  Table  11  we  present  a summary  of  research  expenditures  by  com- 
modity in  the  State  Agricultural  Experiment  Station  system  in  1966.  It  was 
possible  to  divide  the  production  oriented  research  into  two  subcategories, 
production- increasing  and  "maintenance"  research.  The  production  increasing 
research  included  in5)rovlng  biological  efficiency,  mechanization  of  cultivation 
and  harvesting,  crops'  reproductive  performance,  feed  efficiency  livestock. 

The  concept  of  maintenance  of  technical  gains  is  very  important  in  agriculture, 
because,  in  contrast  to  most  mechanical  technology,  bio-chemical  technology  is 
subject  to  real  loss  or  depreciation  from  diseases,  insect  pests,  and  internal 
parasites. 


VlQura  4 - U*8r  A{jricul,Curel  Geo-Ollaaco  B«aioaa  aod  8ub-Ragioaa.  (1  dot  " 25,000  Acres  Cropland,  19jSA) 
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FI,;lna  \ 
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11.  Coastal  Prairies 

12.  Southern  Plains 

13.  erasing-  Irrigated  Region 

14.  PsclClc  UorthMast  Wheat  Roglon 

15.  Worth  Pacific  Velloye 
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■V  /■•  ■v-.'.-ii.  /V'  fe 

•■  '■■  /'  A'' - ^7? 
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Table  Research  Expenditm«s  by  Ceo'*Clinate  Region 
niUlons  of  1959  dollars 


Region  1915  1935  1950  1955  1969 

Ebependitures 
per  Sxjb-region 


1.  Vortheast 
Dairy  Region 

2.09 

3.84 

8.29 

13.35 

4.45 

2.  Middle  Atlantic 
Coastal  Plain 

.53 

1.43 

3.28 

4.75 

2.38 

8*  Florida  and 

Coastal  Flatwoods 

.13 

.94 

2.68 

4.63 

4.63 

R*  Southern  Uplands 

.95 

2.66 

, 9.60 

19.42 

3.88 

S.  East-Central 
Uplands 

1.>I2 

2.39 

6.28 

10.84 

2.17 

6.  Midland  Feed 
Region 

3.M5. 

6.50 

15.85 

24.15 

4.83 

7.  Mississippi  Delta 

.19 

.45 

1.55 

3.17 

3.17 

8*  Horthem  Lake 
States 

.03 

.01 

.;23 

.37 

.37 

9.  Korthem  Great 
Plains 

1.17 

1.76 

3.99  • 

6.55 

2.18 

10.  Winter  Wheat  and 
Grazing  Region 

.61 

1.50 

4.26 

7.25 

• 3.57 

11.  Coastal  Prairies 
(Texas-La. ) 

.01 

.01 

.02 

.3*.' 

.33 

12.  Southern  Plains 

.18 

.47 

1.42 

2.46 

1.23 

IS.  Mountain  States 
Crazing- Irrigated 
Region 

.85 

2.26 

5.42 

8.95 

4..  4 8 

in.  Pacific  Northwest 
Wheat  Region 

.34 

.80 

2.79 

4.82 

•4.82 

15.  North  Pacific 
Valleys 

.01 

.01 

.35 

.56 

.56 

16.  Dry  Western  Mild- 
Winter  Region 

.76 

3.23 

7.61 

16.98 

5.66 

I 
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Table  U>  Cosaaodlcy  Orientation  of  State  Agricultural  Ezperlaent  Station  Besearch 
1951,  1961. 


Comnodlty 

Research 
Expenditures 
in  Billions 
of  1959 
dollars 

1951  1961 

1966  Research  Expenditures 

Millions 
of  1959 
dollars 

Expendi- 
ture per 
1000 
dollars 
of  nroduct 

Share  of 
••Mainten- 
ance 

Research^' 

Expendi- 
tures per 
Scientist 
Man-year 

Livestock 

19.59 

32.92 

67.42 

2.72 

.40 

53,534 

Beef 

14.33 

18.13 

17.48 

1.67 

.38 

56,475 

Dairy 

4.37 

7.11 

15.99 

2.91 

.36 

55,971 

Svlne 

2.29 

2.90 

8.28 

2.01 

.45 

60,272 

Sheep  & Lc^ios 

1.25 

2.22 

5.52 

16.33 

.37 

48,733 

Poultry 

3.87 

5.88 

14.36 

3.47 

.37 

49,362 

Other 

3.49 

6.69 

5.77 

- 

.59 

53,729 

Crops  Total 

19.19 

27.88 

81.81 

4.45 

.43 

36,567 

Cereals 

4.03 

5.60 

14.06 

2.13 

.40 

34,340 

Corn 

- 

- 

5.65 

2.23 

.38 

34,484 

Sorghua 

- 

- 

1.11 

1.92 

.18 

30,248 

Vheat 

- 

- 

3.67 

1.81 

.52 

35,475 

Rice 

- 

- 

.66 

1.63 

.36 

32.031 

Other  small  grains 

- 

- 

2.98 

5.63 

.38 

34.799 

Cotton 

1.16 

1.42 

9.69 

6.14 

.52 

40,103 

Oil  seeds 

.56 

.70 

4.72 

1.64 

.35 

38,052 

Soybeans 

- 

- 

2.53 

1.01 

.31 

36,544 

Peanuts 

- 

- 

1.21 

4.48 

.47 

41,436 

Other 

- 

- 

.93 

11.62 

.33 

37,556 

Tobacco 

.73 

.81 

3.51 

2.90 

.49 

39,723 

Sugar  Crops 

.28 

.38 

2.65 

4.38 

.53 

37.656 

Pasture  4 Forage 

3.47 

5.31 

10.57 

— 

.22 

36,972 

Horticultural  Crops 

8.21 

11.94 

26.86 

6.25 

.50 

35,596 

Citrus  Fruits 

1.14 

2.19 

3.80 

7.60 

.51 

38,122 

Decid.  Fruits  & Nuts 

2.47 

3.15 

10.71 

8.86 

.49 

36,711 

Vegetables 

3.03 

4.20 

10.25 

5.07 

.49 

33,586 

Potatoes 

.82 

.68 

2.10 

3.57 

.57 

36,208 

Miscellaneous  Crops 

.75 

1.72 

11.54 

- 

.33 

32,714 

In  Table  11  we  provide  research  ea^ndltures  by  cooiaodity  in  1959 
dollars  for  1951 » 1961>  and  1966.  The  reader  should  be  cautioned  that  the 
1966  data  are  not  strictly  comparable  to  the  1951  and  1961  data.  They 
Include  USDA  research  located  in  the  states  and  because  of  a laore  detailed 
breakdown  of  the  research  progran,  the  1966  data  are  more  accurately  production 
oriented.  The  1951  anC  1961  data  are  conparable,  however,  and  indicate  that 
research  expenditures  on  beef,  dairy,  aheep  and  lambs,  poultry  pasture  and  forage, 
and  citrus  crops  were  increased  by  more  than  50  percent  over  the  decade. 

The  1966  data  enable  more  accurate  comparative  statistics  and  three  are 
provided.  The  first,  reasearch  expenditures  per  thousand  dollars  of  commodity 

value,  indicates  relative  research  engjhas^s.  This  measm'e  shows  that  crops 
receive  more  ecp.hasis  than  livestock.  It  might  be  argued  that  research  on 

pasture  and  forage  should  be  allocated  to  the  livestock  sector,  but  even  if 
this  were  done,  crops  would  still  be  more  research  intense.  Within  the  live- 
stock group,  sheep  and  lambs  are  very  research  intense.  Within  the  crop  sector 
one  finds  that  the  cereal  grains  and  soybeans  have  low  research  Intenselties 
while  cotton  and  the  horticultural  crops  are  quite  research  Intense. 

The  second  measure  offered  in  the  table  is  the  share  of  maintei;anoe 
research  by  commodity.  Here  we  find  that  wheat,  sugar,  cotton  and  the 
horticultural  crops  are  quite  research  intense. 

The  second  measure  offered  in  the  table  is  the  share  of  maintenaoce 
research  by  cocaodity.  Here  wc  find  that  wheat,  sugar,  cotton  and  the 
horticultural  crops  have  half  or  more  of  their  research  effort  devoted 
to  maintenance.  The  other  cereal  grains,  the  oil  seeds,  and  all  llve- 
otock  except  swine,  have  relatively  low  maintenance  shares. 


41 


The  final  cooputatlon  presented  in  Table  ii  laeasures  a character- 
istic of  the  research  system  itself.  The  1966  data  allow  a calculation  of 
ejcpenditures  per  scientist  man-year  by  research  program  area.  This  gives 
some  indication  of  the  scientific  equipoent  and  related  technical  staff 
associated  with  different  research  programs.  The  average  spending  per 
scientist  man-year  by  conmodity  are  clearly  highest  for  livestock  research. 
Relatively  little  variation  in  the  averages  within  the  livestock  and  connodity 
groups  is  apparent. 


■^statistical  analysis  did  not  reveal  sienificant  differences  in  these  figures 
by  state  or  region.  Most  of  the  state  variance  in  this  measure  is  associated 
with  the  commodity  mix  in  the  states. 
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IV.  Contribution  of  Research  and  Extension  to  Productivity 

A number  of  studies  of  the  contribution  of  public  sector  research 
and  extension  to  productivity  growth  have  been  made.  A recent  review 
by  Norton  and  Davis  discusses  a number  of  these  studies,  notably  studies 
by  Grlllches  on  hybrid  com,  Peterson  on  poultry  improvement,  Schmitz 
and  Seeklar  on  the  tomato  harvester,  Evenson,  Peterson  and  Fltzharris 
and  Lie  and  Cline  on  the  effect  of  aggregated  production  oriented  re- 
search. No  studies  to  date  have  investigated  post-harvest  technology 
and  private  sector  research  has  also  not  been  effectively  handled. 

The  methodology  employed  In  most  of  these  studies  has  been  quite 
simple;  essentially  the  statistical  model  is  a productivity  decomposition 
specification  in  which  productivity  change  is  regressed  on  variables  measur- 
ing previous  research,  extension  schooling  Investment  and  on  private  sector 
Invention.  The  underlying  presumption  is  that  the  Independent  variables 
are  exogenous,  i.e.,  Independent  of  productivity  growth.  Host  studies 
Justify  this  by  pointing  out  that  even  if  current  Investment  is  endogenous, 
the  logged  investment  variables  appropriate  to  the  decomposition  specification 
are  not.  (A  study  by  Cuttman  did  employ  an  instrumental  variables  technique 
and  concluded  that  no  significant  simultaneously  bias  was  present). 

The  specification  of  the  dependent  variables  is  not  a simple  matter. 

If  only  time  series  data  are  utilized,  one  can  avoid  the  question  of  the 
appropriate  deflator,  but  some  kind  of  time  shape  must  be  imposed  on  the 
construction  of  the  research  variable.  Efforts  to  use  standard  distributed 
log  procedures  to  estimate  this  time  shape  have  not  been  very  successful  in 
these  studies.  A simpler  approach  in  which  alternate  time  lags  of  the  form 
(a,  b,  c)  are  constructed  and  a non-linear  least  squares  procedure  employed 
to  estimate  a,  b and  c has  been  more  successful.  The  parameter  a b and  c 
are  depicted  in  the  figure  below: 
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In  a specification  where  a research  stock  variable  is  constructed  froa  logged 
expenditures 


t-a-b 
+ Z R 
t-a 


t-a-b-c  > 

+ I W R 
t t-a-b  t t 


The  weights  rise  linearly  to  one  over  a periods,  equal  one  for  b periods 

A 

and  full  linearly  to  zero  over  c periods.  An  alternative  to  this  specification 
is  to  specify  a depreciation  rate  to  approximate  the  c and  b parts  of  the  con- 
struction. 

When  cross-section  data  are  used,  some  kind  of  spill-over  specification 
oust  be  made.  It  can  be  argued  that  schooling  variables  should  be  expressed 
on  a per  operation  basis  and  that  since  ouch  extension  activity  is  location 
specific  that  an  expenditure  or  man-days  variable  should  be  measured  on  a 
per  farm  basis.  This  will  not  do,  however,  for  the  research  variable  where 
research  findings  from  one  state  station  clearly  spill-over  into  other  states. 
It  is  also  clear,  however,  that  this  spill-over  is  Incomplete.  Environmental 
lapedlments  such  as  soil  and  climate  factors  cause  technology  which  is  directed 
to  or  targeted  to  a particular  region  to  be  less  valuable  to  other  regions. 

This  incomplete  transfer  of  technology  is  an  Important  component  of  the  public 
sector  motives  for  Investma.it  in  research.  (We  will  take  this  issue  up  in 
section  VI  of  the  paper).  It  provides  an  incentive  for  state  Investment  in 
research  targeted  to  the  states  farms. 

In  this  section  I will  report  productivity  decomposition  results  for 
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three  time  periods.  1870-1925.  1925-1950  end  1948-1971. 

The  snslysls  for  the  1870-1925  snd  1925-1950  periods  does  not  require 
thsc  the  Issue  of  geo-cllisste  specificity  be  addressed  because  only  time 
series  and  broad  regional  data  series  are  available.  I report  2 studies 
for  the  later  period,  both  of  which  addressed  the  spill-over  issue  by 
utilizing  the  geo-climate  data  portrayed  In  Figure  2. 
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V*  Cun  Dov  to  a productivity  dtcoapotlcion  analyals  for  Cba  1870  to 
1950  period.  The  period  of  pre-aodern  groirth,  1870-1925  will  be 

considered  first.  ^ Included  the  period  of  relative  atag- 

nation  in  productivity  growth  in  this  analysis  because  I with  to  put  the  data 
to  a strong  test.  Previous  authors  have  concluded  that  productivity  growth 
during  this  pre-oodern  period  is  not  systcwatlcally  related  to  research  or 
inventive  activity.  The  evidence  reported  here  Indicates  otherwise. 

The  specification  utiliaed  in  this  analysis  is: 

P - a + bj^  INV  + bj  RES  + bj  lAHDQ 

where: 

P is  Che  Kendrick  index  of  Cross  Factor  Productivity  for  the  1870  Co 
1925  period.  INV  is  an  invention  index  defined  as: 

m . I I Ey  I I Ey 

where  CP. ^ is  the  cumulated  stock  of  patents  (lagged  ten  years)  in 

technology  field  i,  originating  in  region  is  the  "related"  cconoolc 

activity  associated  with  the  technology  field  and  region.  This  index  is 
suiasarized  In  Table  11.  RES  is  a research  based  knowledge  stock.  It  is  the 
CUBulated  research  expenditures  in  constant  dollars  from  1850  to  date.  A 
tlae  lag  is  built  into  chs  construction  of  this  variable.  This  Ciae  lag 
structure  was  indirectly  "cstlaated"  by  constructing  several  alternative 
stocks  with  differing  tine  lags  between  research  expenditure  and  full 

Hhis  presumes  an  average  lag  of  ten  years  between  invention  and  farm 
productivity  import.  This  is  roughly  the  same  as  estimated  for  the  time 
lag  for  research. 
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Tablt  11.  InvaoClva  Activity  Susa 


Cuaulated  patmti 

Fariod  ralevant  to  asriculture 


1850-59 

1860-69 

1870-79 

1880-89 

1890-99 

1900-09 

1910-19 

1920-29 


1,944 

6,666 

11,607 

17,703 

22,255 

27,117 

32,007 

35,292 

38,014 


1930-39 


Activity  waightad 
ctanilatad  patents  Index,  INV 


73 

261 

426 

469 

461 

445 

477 

487 


467 
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rcMsrch  Inpact  (3,  S,  and  18  ytars)  and  diffarlaf  ratas  of  kaovlads*  de- 
fraclatioQ  (0,  .5  and  I parcant).  The  acock  varlabla  which  auppoaad  a 
Claa  las  of  18  ycara  batvean  axpeaditura  and  raaulta  (with  walghta 

rlaiog  linaarly)  and  a dapreciatlon  rata  of  1 paccanc  par  yaar  alnlJilsad 
the  raaldual  aua  of  aquarea  and  waa  taken  aa  the  baac  aatlBata  of  the  timt 
ahape . 

LAKPQ  la  a land  quality  Index.  It  waa  conatructed  aa  followa:  Flrac 

the  average  yield  levela  of  wheat,  oata  and  com  for  each  atate  for  the 
decadea  1880,  1890,  1900  and  1910  were  regreaaed  on  the  percent  change 
In  "improved"  acreage  In  the  prior  ten  year  period,  the  percent  change  In 
the  prior  10  to  20  year  period  and  the  percent  change  In  improved  acreage 
In  the  prior  20-30  year  period.  The  racloa  of  Improved  land  to  total  land 
under  cultivation  In  the  10,  20  and  30  prior  ycara  were  alao  Included  aa 
dependent  variables.  These  regressions,  which  are  reported  In  Table  12, 
allowed  estltaates  of  soil  exhaustion  factors.  A negative  coefficient  on 
prior  rates  and  ratios  Indicates  that  rapid  prior  expansion  lowers  current 
yields  through  soil  exhaustion  phenomena.  Soil  exhaustion  appeared  to  be 
algnlf leant  In  the  Eastern  and  Western  states  but  not  In  the  Middle  states. 

Second,  a standardized  land  series  was  constructed  by  adjusting  for 
yield  level  changes  and  for  soil  exhaustion.  The  yield  level  adjustment 
takes  Into  account  the  relative  expansion  of  acreage  In  high  and  low  yield 
states.  If  acreage  expanded  more  rapidly  In  high  than  low  yielding  regions 
the  yield  adjustment  treated  this  as  a rise  In  land  quality.  The  soli 
exhaustion  adjustment  was  based  on  prior  expansion  and  the  regression  co- 
efficient. Third,  the  ratio  of  the  yield  and  exhaustion  adjusted  land 
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Table  12.  Soil  Exheustloo  Kegrteeion  Analyeie 


Dcpcodent  Variable:  Weighted  average  yield  per  acre  of  vheat,  com  and 

oaca  (fhere  weights  are  shares  of  value  crops). 


Independent  variables 

Eastern 

States 

Middle 

States 

Western 

States 

Percent  change  in  iaproved 

-3.1 

7.5 

- .4 

land  in  prior  to 

(1.0) 

(1.0) 

( .1) 

Percent  change  1 n iaproved 

.5 

14.1 

5.5 

land  10-20  prior  years 

( .2) 

(2.6) 

(1.3) 

Percent  change  in  Inproved 

.3 

.05 

8.1 

land  20-30  years  prior 

( .1) 

( .1) 

(1.5) 

Ratio:  Improved  to  total 

-9.5 

-2.9 

-5.9 

land  10  years  prior 

( .8) 

( .3) 

(1.5) 

Ratio:  Inproved  to  total 

2.1 

7.6 

-11.6 

land  20  years  prior 

( .2) 

(1.0) 

(3.4) 

Ratio:  Inproved  to  total 

-1.1 

4.6 

-7.7 

land  30  years  prior 

( .1) 

( .5) 

( .8) 

r2 

.97 

.92 

.89 

Regressions  Include  state  dusiay  variables.  Observations  are  for  1880 
1890,  1900  and  1910. 
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The  regression  results  obtsined  for  this  period  ere  reported  In  Table 
13.  They  quite  clearly  refute  the  earlier  concluaion  that  productivity 
change  for  this  period  is  unrelated  to  inventive  activity  and  to  research 
investnent.  They  also  refute  the  hypothesis  that  soil  exhaustion  was  a najor 
determinant  of  productivity  change. 

The  agricultural  research  variable  is  highly  sigqificant  and  indicates 
that  the  early  experiment  station  system  was  indeed  productive.  A rough 
calculation  of  the  marginal  product  of  an  addition  to  the  research  stock 
can  be  made.  A one  thousand  dollar  addition  to  the  stock  Increases  the  output  in- 
dex (holding  inputs  constant)  by  .00000009  units  or  roughly  by  $12,500 
dollars  in  19 s 9 dollars.  This  implies  an  internal  rate  of  return  of 
approximately  65  percent. 

It  should  be  noted  that  the  period  of  relatively  slow  productivity 
growth  beginning  aroxind  1900  is  included  in  this  analysis.  It  is  also  inter- 
esting to  note  that  the  activity  weighted  patents  index  reported  in  Table  11. 
shows  little  growth  after  1889  partly  because  overall  inventive  activity  slowed 
down  during  the  period  and  partly  because  of  the  relatively  more  rapid 
growth  of  economic  activities  and  regions  with  low  levels  of  inventive 
activities. 

Next,  consider  the  1926-1950  period,  a period  when  substantial  biological 
invention  was  forthcoming.  Hybrid  com  was  the  major  case  although  substantial 
improvements  in  animal  health  and  nutrition  practices  and  other  crop  varietal 
improvements  wem  also  being  made.  It  was  also  a period  of 
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Table  13.  Regresalon  Analysis:  Productivity  Dacoaposition  1868~^926 


Dependent  Variable:  Kendrick  index  of  Total  Factor  Productivity 

40  annual  observations 


Regression  II  Regression  12 


Independent  variables 

OLS 

GLS 

OLS 

CIS 

IKV.  (Invention  Index) 

.526 

(3.45) 

.493 

(3.29) 

.521 

(3.29) 

.449 

(2.90) 

RES  (research  stock) 

.901(!>-7) 

(6.38) 

.83KE-7) 

(5.71) 

.913(2>-7)  .883(!>-7) 
(5.31)  (5.31) 

LandQ  (land  quality  factor 

3.037 

(.13) 

20.26 

(.82) 

Constant 

52.80 

54.79 

45.29 

45.59 

r2 

.670 

.605 

.671 

.601 

R^(ADJ) 

.644 

.573 

.634 

.556 

"t"  ratios  in  parentheses. 
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transition  froa  aniaul  power  to  «ech«nic*l  power,  in  field  work.  This 
treneition  produced  e new  series  of  invention  by  the  fern  nechlnery  in- 
dustry which  is  now  e mature  industry. 

For  this  period  we  have  total  factor  productivity  aarlea  of  the  CLG 
type  for  four  reglohs.  The  analyais  uaea  these  CLC  Indexes  ca  Indepen- 
dnet  variables  in  a cross-section  tiae-serlas  analysis.  Two  alternative 
functional  fpms  are  utilised: 


, “1 
TFP  - A (DfV) 

6 

TFP  - B (T51ES) 


02  + 03(SRES) 

(TRES) 

^ + B^CSJtZS)  + B^dNV) 


Region  and  time  affects 
W + legion  and  tlma  effects 


where ; 


TFP  is  the  CLG  index  of  total  factor  productivity. 

INV  Is  thfe  invention  index  defined  earlier. 

TRES  is  a stock  of  applied  or  technology  oriented  research  for  the 
and  time  period. 

SRES  is  a stock  of  related  scientific  research  for  the  region  and  time  period. 

The  variable  W is  a national  weather  index  constru  .ted  by  Stallings 
(1957).  It  was  not  possible  to  construct  a regional  index. 

In  the  first  specificatioi^  TRES  and  SRES  "interact"  such  that  the  pro- 
ductivity of  technology  research  depends  on  the  stock  of  scientific  research. 
Scientific  research  is  productive  only  through  its  effect  on  the  productivity 
of  applied  research.  In  the  second  specification,  invention  is  interacted 
with  applied  research  in  a similar  way. 

The  variables,  TRES  and  SRES  were  subjected  to  an  approximate  non-linear 
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leaat  squcrea  procodur*  to  aBtlmatc  th«  tlae-shap«.  The  «ppU*d  T«B«arch 
variable  ainlBlzed  the  reaidual  atm  of  aquarea  nhen  it  took  the  for* 
of  a lag  atructure  with  riaing  weigh ta  for  five  yeara  , cooatant  wcighta 
for  6 yeara  and  declining  weighta  for  11  yeara. 


The  SRES  variable  had  weighta  riaing  for  15  years,  conatant  for  26 
years  and  declining  for  25  years,  "hus  the  average  time  lag  between  investment 

and  impact  was  aeven  yeara  for  applied  research  and  20  years  for  sci- 

entific research  by  these  estimates. 

Table  14.  reports  results  which  indicate  that  invention,  applied 

research,  and  related  scientific  research  were  all  important  determinants 
of  productivity  change  for  this  period. 

The  specifications  reported  in  Table  14  include  time  dxmmiy  variables 
which,  indicate  that  the  invention  and  research  variables  which  ^indicate 
that  the  invention  and  research  varied>les  account  for  only  a part  of  the 
observed  rise  in  total  factor  productivity  over  the  period.  Specification  1 
associates  approximately  one-third  of  the  observed  (30  percent)  growth  in  total 
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Table  1* . 


-RcRre*!Cion  Annlvslc:  Dtcernlnants  of  Productivity:  U.S.  Agriculture 
1927-1950  Regional  Lata 


Dependent  Variable:  Logarithni  Productivity  Index  (TTP) 


Independent  Variables 

Reeression 

(1) 

(2) 

LN  (WV) 

1.40 

(5.73) 

LN  (TRES) 

.106 

(2.84) 

-.106 

(3.74) 

LN  (TRES  * SRES) 

.0000053 

(1.57) 

.0000082 

(2.32) 

LN  (TRES  ♦ INV) 

.00183 
(A. 29) 

T1  (1927-193A) 

-.108 

-.197 

12(1935-1941) 

-.029 

-.084 

13.(1942-1945) 

-.038 

-.053 

Veatlier  Index 

.00037 

(6.65) 

.00035 

(6.02) 

Regional  Dunisy  Variables 

inc. 

Inc. 

r2 

.582 

.558 

R^(adj) 

.528 

.503 
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factor  productivity  growth  from  period  1 to  period  4 (1946-1950)  to  the 
passage  of  tisie*  Specif icaclon  2,  which  is  inferior  on  etecieticel  grounds » 
attributes  almost  two-thirds  of  the  growth  to  time.^ 

Regression  (1)  implies  that  an  added  on  thousand  dollar  investment  in 
applied  agricultural  research  would  have  contributed  an  additional  stream 
of  production  rising  to  a value  of  approximately  11,400  dollars  after  5 years, 
of  this,  $0,353  would  be  realized  in  the  form  of  added  product  by  producers 
in  the  state  where  the  investment  was  made.  The  remainder  would  be  realized 
by  producers  in  other  states  with  similar  geo-climate  regions.  An  added 
thousand  dollars  invested  in  related  scientific  research  would  res'ult  in 
added  production  rising  to  a value  of  $53.00'3  after  15  years.  Of  this, 
approximately  one-third  would  be  realized  in  the  state  making  the  investment. 


Nerlove-Balaestra  generalized  least  squares  procedure  was  also  applied 
to  these  data.  The  results  were  essentially  unchanged. 
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V.  Productivity  Dacoaposition,  1948>1971 

This  section  report!  e decospoeition  eaelyeie  of  the  state  total 
factor  productivity  data  for  the  period  1948-71.  A two  stage  process 
is  utilised.  First  an  analysis  of  the  coabiaed  ''tiM-ahapc”  and  "conti- 
guity pattern"  of  applied  agricultural  research  is  undertaken.  Secondly 
a Bore  coaplete  decoaposition  analysis  is  reported. 

Tine-Shape  end  Contiguity 

The  procedure  utilised  for  the  tine  shape — contiguity  analysis 
is  a partial  correlation  scanning  procedure  of  a general  research  variable: 

A (a,b,c,)  'f  a SA  (a,b,c)  * 8 RA<a,b»c) 

A is  Che  vlchln-scate  applied  research  stock*  SA  the  stock  in  slni- 
lar  sub-regions  outside  the  state  and  BA  the  stock  in  similar  regions 
(which  includes  the  sub-regions)  outside  the  state.  The  parameters  a,b*c, 
refer  to  alternative  time  shapes,  a is  the  time  period  of  rising  linear 
weights,  b,  Che  tine  period  of  constant  weights,  and  c the  period 
of  declining  linear  weights.  The  peremecers  a end  6 are  contiguity  para- 
meters. They  measure  the  extent  to  which  research  in  contiguous  or  similar 

regions  is  contributing  to  state  productivity  growth. 

Table  15. reports  the  results  of  a partial  correlation  scanning  analy- 
sis- across-varying  tine  shape  and  contiguity  parameters.  The  analysis  is 
undertaken  for  Northern  states  (Northeast,  Com  Belt  and  Lake  States  regions). 
Southern  states  (Appalachian.  South  East  and  Delta  regions)  and  Western 
states  (Northern  Plains,  Southern  Plains,  Hountaln  end  Pacific  regions). 

The  highest  partial  correlation  for  the  Northern  states  is  for  the  variable 
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TcbU  IS.  TIm  lhap«  ad  Coatl|«lC7  U.C.  dgrlMltMt*  U4t>U71 

Vartlal  Cemlatlmi  Ceafflcicat*  Ceatrelllat  for  Tattatur.  ImImm  ^cXat  ad 

Idaeatlm. 


Morthan  Statai 

a,8»0 

a«.23 

a ».5 

» (3.  *.  7) 

.133 

.324 

.304 

t <3.  *.  11) 

.143 

.321 

.323 

K (3.  6,  11) 

.163 

.339 

.338 

> <3.  6,  IS) 

.161 

.323 

.343 

» (7i  1,  15) 

.167 

.326 

.346 

* (7.  «.  19) 

.138 

.304 

.342 

» <7,  8.  23) 

.143 

.277 

.286 

t (11.  U,  23) 

.140 

.274 

.282 

* (IS.  20.  23) 

.122 

.221 

.222 

Southtm  St«m 


» (3.  4.  7 ) 

.456 

.487 

.481 

8 (3.  4,  11) 

.451 

.484 

.483 

8 (3,  6,  11) 

.460 

.490 

.488 

8 (3,  6,  IS) 

.451 

.483 

.485 

8 (7.  8,  IS) 

.451 

.483 

.485 

8 (7.  8.  19) 

.442 

.475 

.481 

8 (7,  8,  25) 

.429 

.465 

.470 

8 (11.  12.  25) 

.436 

.471 

.475 

8 (15.  20.  25) 

.418 

.452 

.459 

Vattara  Ststai 

8 (3  4.  7) 

.224 

.234 

.201 

8 (3  4.  U) 

.237 

.252 

.230 

8 (5.  6.  11) 

.248 

.261 

.238 

8 (5.  4.  15) 

.253 

.268 

.254 

8 (7.  8.  15) 

.257 

.273 

.257 

8 (7.  8.  19) 

.258 

.275 

.266 

8 (7,  8.  25) 

.295 

.272 

.254 

8 (U.  12.  25) 

.259 

.272 

.251 

8 (15  . 20  . 25) 

.257 

.267 

.245 

a.75 

Ei 

>-.25 

till 

8».73 

.284 

.273 

.224 

.224 

.219 

.218 

.303 

.289 

.225 

.224 

.222 

.220 

.314 

.297 

.234 

.230 

.224 

.223 

.325 

.308 

.729 

.228 

.227 

.224 

.327 

.309 

.234 

.234 

.231 

.228 

.331 

.3.5 

.227 

.231 

.239 

.227 

.266 

.249 

.278 

.219 

.218 

.216 

.267 

.246 

.273 

.218 

.217 

.215 

.202 

.187 

.221 

.206 

.206 

.205 

,474 

.468 

.266 

.184 

.107 

.078 

478 

.473 

.395 

.203 

.143 

.107 

482 

.476 

.310 

.207 

.146 

.109 

482 

.478 

.328 

.232 

.171 

.131 

482 

.478 

.329 

.233 

.172 

.133 

480 

.477 

.337 

.250 

.190 

.149 

469 

.466 

■ .464 

.216 

.137 

.118 

471 

.469 

.471 

.213 

.153 

.U6 

458 

.456 

.452 

.210 

.131 

.112 

.171 

.130 

.268 

.240 

.203 

.101 

.203 

.181 

.293 

.233 

.223 

.208 

.203 

.186 

.302 

.238 

.230 

.2U 

.230 

.207 

.318 

.278 

.248 

.226 

.232" 

.208 

.328 

.280 

.260 

^ .221 

.244 

.222 

.323 

.292  ' 

.240 

.234 

.223 

.199 

.271 

.286 

.234 

.233 

.221 

.193 

.272 

.283 

.230 

.229 

.213 

.184 

.267 

.293 

.261 

.240 
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constructed  with  a savan  year  lag  froa  inwastBant  to  peak  affact,  a 
fuT'har  8 yaar  constant  lag  and  a 15  yaar  period  of  declining  weights. 

The  emtiguity  waight  is  half  of  the  sinilar  sub-regions  outside  the 
state,  and  the  research  wariabla  is  deflated  by  the  nunber  of  co«BOdities 
and  sub-regions  in  the  state.  (See  Appendix  2.) 

The  estimated  time  shape  weights  for  the  Southern  states  was  5,  6, 

11,  and  the  contiguity  weight  was  .25  of  the  similar  sub-regions.  Note 
that  very  little  difference  exists  between  the  Northern  and  Southern 
regions  however.  The  Western  region  shows  the  same  pattern  in  the  sub- 
regions  weight  as  the  other  regions.  However,  the  contiguity  weight  is 
.25  of  similar  regions  (which  include  the  sub-regions)  indicating  a some- 
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«»hat  broAder  range  of  technology  treneferebility,^ 

*An  approximate  standard  arror  for  the  eatiaated  average  lag  can  be  darivad 
from  the  teat  for  the  algnlficanee  of  an  additional  variable  in  an  aquation. 
(See  Theil,  Economic  Forecasts  and  Policy,  [N.  Y. : J,  Vilay,  1964],  p.  177 
for  a discussion  of  this  test.)  donsider  the  two  equations: 


B = a^  ♦ b^  ♦ bj  Xj 


P . ♦ bj  Xj  . b,  x,_ 


Let  X-  and  X_  be  alternative  research  variables  with  differing  lengths 
of  lag.  The  variable  X.  can  be  conceptualized  as  being  equal  to  X.  plus  a 
tern  which  measures  the  difference  between  them.  Let  b,X.  ■ b_  X_  X^^. 

After  substitution,  the  hypothesis  that  b^  = 0 can  be  tested  eSen ^though 
we  have  no  direct  observation  on  X^.  The^term  X^  will  add  to  the  exolained 
variance  of  the  dependent  variable  as  long  as  the  length  of  the  lag  is  shorter 
than  the  "true"  lag,  because  the  positive  terras  included  in  it  from  the 
larger  weights  on  more  distant  time  periods  will  explain  more  than  the  explanation 
lost  from  the  negative  terms  coming  from  lower  weights  on  the  more  recent  time 
periods. 


We  can  thus  compare  a shorter  or  longer  research  lag  variable  with  the 
estimated  (highest  R^)  research  lag.  The  test  statistic 

A Regreaslon  Sun  of  Squares 



Error  Sum  of  Squares 

T - K - 1 

is  distributed  as  ? . In  this  case,  K is  the  number  of  independent 

variables,  H is  the  number  of  additional  variables,  and  T is  the  number  of 
observations . We  are  not  really  adding  a variable  but  comparing  a research 
lag  of  n years  with  on?  of  n+  z years,  which  should  be  the  approximate 
equivalent. 


Applying  this  test  to  the  data  in  Table  15.,  we  find  that  the  eotl- 
mated  lag  variables  differ  from  the  shortest  lags,  R{ 3,4,7)  and  the  longest 
lags  R(15,20,25)  for  all  weights  a,  8 in  a highly  significant  fashion. 

The  F values  for  this  test  ranged  from  13.6  to  more  than  20,  sufficient 
to  easily  reject  the  hypothese  of  no  difference. 
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Teble  16  reports  the  results  of  Productivity  decoagwsition  tnalysis  for  U.S. 
sericulture  for  the  1948-71  period.  The  general  specification  is: 

Region — Time  Dunnies 

where 

Is  the  total  factor  productivity  index  (tee  Appendix  1) 

ED  is  *n  index  of  years  of  school  eoapleted  by  fara  operators.  It 
is  constructed  from  Census  data  and  utiliies  veighta  developed  in  a study 
by  Welch  (1966) . 

EXTECON  is  a composite  variable  based  on  extension  expenditure  plus 
expenditures  on  production-oriented  economic  (faro  management)  and  applied 
engineering  research  (see  Table  7)* 

AR  is  the  applied  research  stock  variable.  It  is  aore  fully  defined 
in  Appendix  2. 

^ is  an  index  of  "basic"  research  constructed  with  tiae  shape  (a,b,c) 
weights  of  (11,12,25  o*^S)  for  Southern  states,  (15,20,25  o«.5)  for  Northern 
states  and  (15,20,25  6«.5)  for  Western  states.  These  weights  were  estiaated 
in  a oartial  correlation  scanning  analysis.  BK  is  undeflatcd. 

PL  is  the  scaling  factor  for  states.  (See  Table  1,  page  13  for  the 
regional  factors). 

is  a business  cycle  index  designed  to  capture  the  productivity  ef- 
fects of  the  business  cycle.  It  is  constructed  as  the  ratio  of  two  noving 
averages  of  real  fam  incowe.  Productivity  gains  are  expected  to  be  higher 
in  the  "trough"  phases  of  the  business  cycle  than  In  the  "peak"  phases 
because  of  adjustaent  pressures.  See  Landau  (1973)  for  a fuller  develop- 
■ent  of  this  point.. 

^The  EXTECON  variable  has  geometrically  declining  time-shape  weights.  That 
is,  50  percent  of  the  total  inpact  is  expected  in  the  first  year,  25 
perceni  of  tne  total  in  tue  second  year,  12.5  in  the  third  etc. 
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Tbe  specifications  reported  in  Table  16  demonstrate  tbe  affect  of 
adding  the  region-time  duss^  varlablas  and  of  aatlAatlng  aeparaca  coafficants 
for  the  three  major  regions  of  the  country  for  the  research  variable, 
^deification  1 is  Included  to  shoir  bow  much  of  the  change  in  total  factor 
productivity  is  associated  with  the  region  and  time  dunsiy  variables.  It 
also  allows  a relatively  sinple  coii5)arlson  of  the  proportion  of  the  growth 
in  total  factor  productivity  change  "explained"  by  the  research  and  related 
variables. 

The  second  specification  is  Included  to  show  the  effects  of  the  de- 
cos^rasitlon  variables  and  to  enable  the  reader  to  assess  the  effect  of  adding 
the  region-time  dummy  variables  in  specification  3.  An  experiment  in  which 
a sicple  time  trend  variable  replaced  to  region-time  dummies  was  conducted. 

Ihe  results  were  essentially  the  same  as  those  obtained  for  rpecificatlon 
3. 

Specification  3 provides  the  basic  decomposition  results.  The 
negative  coefficients  for  the  extension  variable  and  the  extension-education 
interaction  variable  do  not  mean  that  the  marginal  product  of  extension 

on  education  is  negative.  The  negative  extension-education  effect  is 
to  be  expected.  It  shows  that  extension  or  adult  education  is  a substitute 
for  formal  schoohug'  terms  of  its  effect  on  farmer  efficiency.  In 
states  with  high  levels  of  farmer  schooling, extension  activities  have  a smaller 
impact.  The  positive  (and  highly  significant  ) research-extension  inter- 
action term  shows  these  activities  to  be  complemento.  We  would  expect 
extension  to  be  more  productive,  the  higher  the  level  of  research  activity 
in  a given  state.  The  positive  applied  research — scientific  research  term 
also  indicates  that  higher  levels  of  scientific  research  increase  the  productivity 
of  applied  research.  Thus,  scientific  research  in  the  agricultural  experiment 
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Table  16  Produetirlty  Dteo^ioeltian:  C.S.  ifrleulture  1948-71 
Cepeadent  Tarlable:  IN  (T7P) 


ladependcnt  Variables 

(1] 

(2) 

(3) 

(4) 

(5) 

eoDStant 

4.69 

4.25 

4.73 

4.77 

4.86 

Ul  UR] 

.04237 

(.00997] 

.0174 

(.0085] 

IN  UR]  South 

.03309 

(.00856] 

.03407 

(.00086) 

LN  UR]  North 

.01187 

(.00848] 

.00991 

(.00861) 

IN  UR]  Nest 

.01874 

(.00887] 

.01882 

(.00903) 

IN  (£0] 

.3U3 

(.0404] 

.1770 
( .0362  ] 

.3540 

(.0426] 

.3731 

(.0419) 

IN  (inECON] 

-.000276 

(.01176] 

-.0388 

(.0099] 

-.0394 

(.0097] 

-.0514 

(.0104) 

IN  (£XS:C0N)*O 

-.01223 

(.00242] 

-.00659 
( .00206 ] 

-.0U6 

(.0021) 

-.0120 

(.0021) 

LN  (AR]«En:Oh 

.1314  D-5  .1730  D-5 

(.0260  r>-5]  (.0230  0-5) 

.1821  D-5 
(.0230  D-5] 

.1962  D-5 
(.0227  D-5) 

Ln  UR)»BR 

.2054  0-7 
(.8300  0-7: 

.0171  0-6 
) (.0737  0-6] 

.2061  D-6 
(.0710  D-6] 

.2166  D-6 
(.0705  D-6] 

IN  (AR»GRfcD] 

.000247 

(.000071) 

LN  (AR»SCALE) 

-.543  D-7 
( .600  D-7 ) 

Productivity  Scalir^ 
Factor  (PL] 

-.0C3136 
(.000030]  ( 

-.00014 

000034] 

-.00016 
( .00003) 

-.00016 

(.00003) 

Business  Cycle  Index  (BC] 

.34509 

(.0200] 

.2486 

(.0180] 

.2297 

(.0176) 

.2237 

(.0176) 

1957-63  South  Duixy 

.165 

.158 

.076 

.075 

1957-63  North  Daaiy 

.115 

.074 

.102 

.102 

1957-63  West  Daaiy 

.156 

.136 

.113 

.112 

1964-71  South  IlExy 

.305 

.246 

.136 

.132 

1964-71  North  Dussy 

.246 

.115 

.128 

.124 

1964-71  Nest  IXjBcy 

.286 

.192 

.152 

.149 

r2 

.484 

.413 

.618 

.573 

.651 

U3J] 

.481 

.409 

.613 

.569 

.646 
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stations  is  productive  through  its  la^paet  on  the  productivity  of  applied 
research. 

The  fourth  specification  estimates  seperate  coefficients  for  the  applied 
research  (AR)  variable  for  the  three  major  regions  of  the  study;  South, 

North,  and  West.  This  extension  shows  that  regional  differences  have 
existed.  In  particular,  the  southern  states  have  realized  faster  rates 
of  productivity  growth  and  it  appears  that  at  least  part  of  this  is  due 
to  the  research  system.  Note  that  in  specification  3 which  imposed  a 
single  AR  coefficient,  the  time  variable  in  the  South  accounts  for  almost 
80  percent  of  the  change  in  total  factor  productivity  from  the  beginning 
of  the  period  until  the  ending  period.  In  specification.  4 this  proporation 
falls  to  less  than  50  percent.  In  all  three  regions  the 

variables  account  for  50  percent  or  less  of  the  "explanation"  of  productivity 
growth  in  specification  4. 

The  fourth  specification  extends  the  analysis  further  in  an  attempt  to 
explore  whether  experiment  station  characteristics  have  an  effect  on  the 
productivity  of  agricultural  research.  Two  variables,  a measure  of  the  scale 
of  the  main  experiment  station  (measured  as  number  of- scientists ) and  a 
measure  of  the  size  of  graduate  programs  associated  with  the  main  experiment 
station  (number  of  Ph.D's  graduated  annually  in  the  (I950fe)  were  interacted 
with  the  applied  research  variable.  The  results  suggest  that  the  size 
of  the  associated  graduate  program  positively  effects  research  productivity, 
but  that  seal;  per  se  does  not. 

The  productivity  scaling  variable  has  the  expected  sign  and  can  be 
interpreted  as  an  indicator  of  "economic  slack"  in  that  states  with  relatively 
low  scaling  parasetors  have  more  potential  fo  r productivity  growth.  They 
have  more  "catching  up"  to  do  and  catching  up  requires  fewer  resources  than 
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than  leading  requires.  The  business  cycle  variable  also  Indicates  that 
as  farm  income  falls  in  a cycle,  total  factor  productivity  rises.  As  the 
farm  income  cycle  reaches  a boom  phase,  total  factor  productivity  slows 
down. 

These  results  should  be  inteipreted  in  the  light  of  a certain  amount 
of  experimentation  with  the  specifications.  Alternative  specifications 
were  utilized  in  the  study.  Standard  errors  are  reported  as 
statistical  indicators  and  sis^llstic  applications  of  standard  tests  is 
not  fully  Justified.  On  the  whole,  however,  most  of  the  results  are  quite 
robust  with  respect  to  changes  in  specification.  In  particular,  a linear 
specification  paralleling  the  log-linear  specification  yielded  virtually 
identical  results.  Similarly,  utilizing  siu^jle  Time  Trend  variables  in 
lieu  of  the  Time  -Region  dummy  variables  did  not  alter  the  results  appreciably. 
It  should  be  noted  that  given  the  time-shape  of  the  research  effect, 
estimating  such  effects  in  the  presence  of  timevariables  constitutes  a 
very  strong  test  of  the  model. ^ 

It  is  possible  that  some  simultaneity  exists  in  the  reported  results 
If  research  investment  responds  to  total  factor  productivity,  for  example, 
a bias  could  be  created.  Recent  work  by  Hufftaan  and  Miranowski  (1978) 


^The  extension  variable  was  the  only  variable  highly  sensitive  to 
specification.  When  deflated  by  a number  of  farms  in  the  state,  its  marginal 
product  was  consistently  negative.  When  deflated  by  the  number  of 
commodity-sub-regions  as  with  the  research  variables  the  results  were 
as  reported  here.  It  is  difficult  to  say  a priovi  which  is  the  most  proper 
deflation.  If  communication  costs  with  individual  farmers  are  of  great 
inportance,  extension  effort  per  farmer  should  matter.  If  not,  the  specification 
utilized  here  is  most  appropriate. 
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as  well  as  earlier  work  by  Peterson  indicate  that  current  and  expected 
future  fam  and  non-farm  income  are  major  deteiminants  of  current  invest- 
ment in  research.  Our  specification  relates  past  investment  in  research 
to  current  productivity  charge.  Since  productivity  change  and  farm  income 
are  not  highly  related  it  is  unlikely  that  a serious  bias  exists.  An 
experiment  with  a two  stage  least  squares  specification  failed  to  alter 
the  basic  results.^ 

The  regression  results  in  Table  16  do  allow  several  calculations 
of  interest  for  policy.  Table  17  reports  the  computed  increase  in  the  value 
of  farm  production  which  would  have  resulted  had  the  relevant  research 
and  extension  variables  been  increased  by  fl,000. 


^Excluded  exogenous  variables  were: 

BC , an  alternative  business  cycle  index. 
n'$9,  the  number  of  faims  in  1959. 
n69,  the  number  of  farms  in  1969. 

CPC,  the  weighted  number  of  crop  commodities  produced  in  the 
state. 

LDC,  the  weighted  number  of  livestock  commodities  produced  in 
the  state. 

RGC,  the  number  of  crop  geo-climate  regions  in  the  state. 

RGL,  the  number  of  livestock  geo-climate  regions  in  the  state. 

The  2SLS  results  accentuated  the  scientific  research-applied  research  inter- 
action term. 
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Table  17. 

Computed  Marginal  Contribution  of  Changes  in  Research, 
Ertension  and  Education  Stocks. 

1948-1971 


Change  in  Farm 
Production  due  to: 

Appropriated 
by  State 

Transferred  to 
other  states 

Total 

One  Year  of  Primary  Schooling 

Spec.  (3) 

$ 120 

$ 12: 

Spec.  (4) 

260 

26: 

$1,000  added  to  Extension  applied  Economics 

Stock 

Spec.  (3) 

2,947 

2,94" 

Spec.  (4) 

2,173 

2,173 

$1,000  added  to  Scientific  ?.esearch  Stock 

Spec.  (3) 

755 

$1,535 

2,33: 

Spec.  (4) 

1,450 

3,050 

4,50. 

$1,000  added  to  Applied  Research  Stock 

Spec.  (3) 

6,820 

5,180 

12, oo: 

Spec.  (4)  South 

14,100 

7,100 

21,  oo: 

North 

5,070 

6,530 

11, 6o: 

Viest 

8,270 

3,930 

12, 2 o: 
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We  should  note,  of  course,  that  these  estimates  apply  to  the  aggregate 
of  research  projects  undertaken  in  the  experiment  stations  and  do  not 
li^ly  that  all  indivldixal  research  projects  have  been  successful  and 
productive. 

The  estimation  procedure  have  their  limitations.  One  major  limita- 
tion Is  that  the  research  and  development  activities  of  private  firms 
supplying  inputs  to  the  sector  is  only  indirectly  taken  Into  account. 
Implicitly,  this  and  other  studies  assume  that  Improvements  in  farm 
Inputs  produced  by  private  firms  are  fully  reflected  in  the  prices  paid 
for  them,  (except  for  studies  which  included  an  invention  variable). 

They  are  actually  only  partially  reflected  in  higher  input  prices  and, 
to  the  extent  that  the  difference  between  actual  and  full  reflection  is 
correlated  with  public  sector  research  variables,  some  part  of  the  benefits 
attributed  to  public  research  is  actually  due  to  private  research.  This 
possible  bias  is  probably  not  sufficiently  large  to  change  the  conclusion 
that  returns  to  research  have  been  extraordinarilly  high. 

It  should  also  be  noted  that  some  contributions  of  public  sector  re- 
search are  realized  through  improvements  in  the  Inputs  supplied  by  the 
private  sector.  The  public  sector  experiment  stations  produce  genetric 
material,  chemicals,  pharmaceuticals  and  other  forms  of  technology  which 
lower  private  industry  costs  of  input  production. 

These  studies  of  agricultural  productivity  growth  have  not  fully  ex- 
plained or  accounted  for  all  sources  of  productivity  growth.  The  reliability 
of  the  statistical  estimates  is  sufficient  to  support  the  following  summary 


propoaltions. 
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1}  Productivity  grovth  Is  closely  sssoclstsd  with  invsstasnt  In 
Bgrlcultursl  resssrch,  snd  soae  part  of  tbs  recant  aoderste  slovdown  In  productivity 
grovtb  is  therefore  sttrlbutsblc  to  the  decrease  In  agricultural  research 
intensity  in  recent  yearu. 

2)  The  research  contribution  is  part  of  the  larger  contribution  of  an 
integrated  system  of  extension  services,  technology-oriented  research,  and 
science-oriented  research.  The  statistical  results  support  the  proposition 
Chat  science-oriented  research  improves  the  productivity  of  technology- 
oriented  research  (and  vice-versa)  and  that  technology-oriented  research 
improves  the  productivity  of  extension  and  schooling  activity. 

3)  The  high  rates  of  return  to  investment  in  research  indicate  that 
too  little  investment  is  being  undertaken  from  s social  perspective.  A 
more  optimal  program  of  public  sector  investment  would  call  for  added 
investment  which  would  lead  to  lower  marginal  rates  of  return  (because  of 
the  law  of  diminishing  returns  which  holds  for  research  as  well  as  for 
ocher  forms  of  production) , in  line  with  returns  realized  on  other  forms 
of  investment. 

4)  The  high  rates  of  return  indicate  that  the  present  research  system 
is  probably  quite  efficient.  It  is  quite  possible  for  an  inefficient  and 
poorly  managed  research  system  to  yield  to  high  rates  of  return,  however. 

Many  research  programs  in  developing  countries  have  high  rates  of  return 
primarily  because  they  have  very  low  research  intensities.  So  little  re- 
search is  being  undertaken  relative  to  the  potential  value  of  new  crop  and 
animal  production  technology  that  eves  poorly  managed  systems  yield  high 


returns. 


68 

VI.  Policy  Issues 

a.  Oiscrlbucionsl  Consequences:  The  Besls  for  Follticel  Support. 

The  studies  sueaerized  in  the  previous  section  show  thet  productivity 
growth  is  influenced  by  research  and  extension  programs.  Furthermore,  the 
transferability  of  research  results  from  one  region  to  another  is  quite 
clearly  impeded  by  differences  in  soil  and  climate  factors  and  possibly  in 
economic  conditions  as  well.  As  noted,  most  spillover  of  technology  from 
one  state  to  another  appears  to  be  confined  to  similar  sub-regions 
depected  in  Figure  2 for  crops  and  to  similar  regions  for  animal  pro- 
duction. 

We  also  know  that  the  State  Experiment  Stations  have  a strong  state 
political  base,  while  research  and  extension  are  not  given  high  priority 
at  the  federal  level.  Further,  producers  rather  than  consumers  form  the 
Interest  groups  supporting  these  activities.  Given  the  Importance  of 
these  activities  in  determining  productivity  growth,  it  is  also  important 
that  we  have  a better  idea  of  their  political  support  base.  To  that  end 
1 find  it  useful  to  first  engage  in  some  moderately  technical  analysis 
of  the  gains  and  losses  associated  with  new  agricultural  technology.  I 
then  turn  to  a discussion  of  political  Interests. 

A.  The  Analytics  of  Distributional  Effects 

Basically,  research  and  extension  programs  can  have  a number  of 
possible  effects. 

(a)  Research  produces  new  technology.  Extension  facilitates  its 

adoption  and  encourages  further  development  of  minor  technological  im- 

. 

provements  and  managerial  technology.  This  technology  can  be 
(1)  factor  biased  (l.e.,  labor  using,  etc.) 

(ii)  scale  biased  (i.e.,  more  profitable  for  large  farms) 

(ill)  region  biased  (i.e.,  not  equally  available  to  all 
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fanner R In  different  regions) 

(b)  Kcseerch  end  extension  mey  change  Che  demand  for  farm  products 
(l.c.t  Introduce  new  products,  encourage  consumption  vie  nutrition  education, 
etc.) 

(c)  Research,  especially  private  research  and  extension,  may  lower 
the  cost  of  purchased  Inputs  (l.e.,  fertilizer,  etc.) 

(d)  Research,  but  particularly  extension,  may  lower  the  cost  of 
labor  mobility  between  regions  and  sectors  of  the  economy. 

From  these  possible  effects,  we  can  focus  Che  general  question  regard- 
ing the  overall  effects  of  agricultural  research  and  extension  on  the  dis- 
tribution of  incomes  on  four  more  particular  issues, 

(a)  the  effects  of  agricultural  research  and  extension  on  the  dis- 
tribution of  Incomes  between  consumers  and  producers; 

(b)  the  effects  of  agricultural  research  and  extension  on  the  dis- 
tribution of  income  among  agricultural  factors  of  production; 

(c)  the  regional  income  effects  of  agricultural  research  and  extension 
services; 

(d)  the  impact  of  agricultural  research  and  extension  on  the  dis- 
tribution of  income  among  different  sized  farms. 

The  answer  to  the  first  issue  is  rather  straightforwarded.  Agri- 
cultural research  and  extension,  insofar  as  it  results  in  any  rightward 
shift  in  the  agricultural  output  supply  function,  leads  to  consumer  gains 
(lower  agricultural  output  prices)  as  long  as  the  demand  function  for  agri- 
cultural goods  is  downward  sloping.  This  is  illustrated  by  Figure  5 where 
the  initial  equilibrium  price  and  quantities,  and  respectively,  are 
replaced  by  and  at  the  new  equilibrium.  The  change  in  the  area  under 
the  demand  curve  P^ACP^^,  measures  the  increase  in  "consumer  surplus"  associ- 
ated with  the  improved  technology  or  with  any  rightward  shift  in  the  supply 
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function  due  to  egriculturel  research  and  extenelon.  Uhet  happens  to 
producers  velfsre?  In  the  Initial  eqnllibriua,  the  ares  onder  tbs  supply 
Cun'S,  OBAQq,  represents  psyaents  to  variable  factors  while  the  ares  under 
the  initial  equilibrlua  price  line  end  above  the  supply  curve,  BP^A,  re- 
presents paynents  to  fixed  production  factors  or  ''quasi-rsnts”.  Since  the 
elasticity  of  demand  (n)  is  the  ratio  of  the  percentage  change  in  quantity 
to  the  percentage  change  in  price,  total  rc  tnue  to  producers,  i.e.,  the 
sum  of  payments  to  variable  factors  end  the  "quasi-rents",  will  increase 
if  demand  is  elastic  (|n|>l)  end  will  decrease  if  deiund  is  inelastic 
(|n|<l)>  Producers,  including  the  suppliers  of  variable  factors  of  pro- 
duction such  as  agricultural  labor  benefit  from  technical  change  if  demand 
is  elastic.  If  demand  is  Inelastic,  they  lose. 

In  this  simple  model,  the  final  distribution  of  consumer  gains  among 
all  consumers  (and  producers  Insofar  as  they  too  are  consumers)  would 
depend  on  their  expenditure  patterns.  Consumers  who  spend  a high  propor- 
tion of  their  budget  on  agricultural  products  will  benefit  proportionally 
more  from  a decrease  in  food  prices.  It  is  important  to  bear  this  in 
mind  because  the  poor  generally  do  spend  the  highest  proportion  of  their 
budget  on  food.  Agricultural  research  and  extension  thus  creates  progres- 
sive (i.e..  more  egalitarian)  dlstrioutlonal  effect  for  that  proportion  of 
benefits  passed  on  to  consumers  in  the  form  of  lower  agricultural  output 
prices. 

The  second  dimension  of  the  distribution  question  regarding  the 
distribution  among  factors  of  production  has  been  Che  subject  of  a few 
theoretical  studies  (Evenson  and  Welch  (1974) , Evenson  (1978)  and  Binswanger 
(1978))  Appendix  C reports  the  main  analysis. 

The  simplest  case  of  this  distributional  dimension  is  where  there  are 
only  unsubstitutable  factors  of  production,  say  land  and  labor.  This  case 
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can  be  lllustreted  graphically.  Figure  6 portraya  for  aa  agricultural 

f 

aeccor  a deaand  curve  for  land  Z,  aa  a function  of  the  rental  price  of 
land  S.  Thia  curve  ia  derived  froa  the  behavior  of  a aet  of  profit  sazl- 
•Izing  faraa  and  ahovs  that  for  given  technology  and  a given  deaund  function 
for  agricultural  output,  as  the  price  of  land  relative  to  the  price  of  labor 
decreases,  sore  land  aervices  will  be  deaanded.  A alsdlar  deaand  curve  for 

I 

labor  D is  also  shown  as  a function  of  the  wage  rate,  V.  The  Initial  equili- 

la 

brlum  rental  price  S is  and  the  rental  wage  race  is  These  are  deter- 
alned  in  the  separate  factor  aarkcts  where  the  supply  of  land  and  labor  are 
equated  to  the  individual  demands  for  land  and  labor. 

Agricultural  research  and  extension.  Insofar  as  it  results  in  technical 
change,  will  shift  these  curves.  If  Che  resultant  technical  change  is  neutral 

I f 

and  demand  is  elastic  Che  two  factor  demand  curves  to  D,  and  D,  will  shift  out- 
ward  equiproporclnately.  This  is  the  results  of  two  forces.  Technical  change 
reduces  the  demand  for  factors  per  unit  of  output  but  because  the  output  supply 
curve  shifted  downward,  total  output  increased.  We  can  now  see  Chat  the  supply 
conditions  of  the  factors  are  important  in  determining  Che  division  of  Che  added 
producer  revenue  (price  times  quantity)  between  the  two  factors.  Because  land  is 
in  relatively  Inelastic  supply,  its  price  rises  relatively  more  (S^  Co  S^)  than 
does  Che  price  of  labor  (W^  to  ’^)  which  is  in  relatively  elastic  supply.  When 
final  demand  Is  elastic,  Che  factor  with  the  most  inelastic  supply  is  the  biggest 
gainer.  When  final  demand  Is  inelastic  the  factor  with  the  most  inelastic  supply 
is  the  biggest  loser  (note  the  shift  to  D^’"  and 

If  technology  were  non-neutral,  it  would  shift  the  demand  curves  in  a 

non-proportional  way.  Suppose  it  to  be  labor  saving.  Then  the  shift  In  Che 

* * 

demand  curves  will  be  to  and  D^.  This  will  work  Co  Che  disadvantage  of 
labor  and  to  the  advantage  of  land  as  the  figure  shows.  Tnis  analysis  can  be 
extended  to  the  two  region  case  in  which  we  suppose  chat  output  is  freely 
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FIGURE  6:  Cains  of  Workers  versus  Cains  of  Land-Ovner 
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traded  though  both  lend  and  labor  are  Imobila  between  the  two  regions. 

This  would  then  shed  sooe  light  on  the  third  diaension  of  the  distribution 

f 

question.  Figure  6 portrays  the  initial  equillbriua  with  rental  prices 

I I I 

and  and  wages  and  for  regions  1 and  2 respectfully.  Rote  that  for 
Isaoblle  factors  these  need  not  be  equal. 

analysis  of  Figure  6 shows  that  technical  change  in  region  2 lowers 
both  costs  and  product  prices  for  region  2 fans.  However,  since  only  output 
is  mobile  between  regions,  only  region  1 product  prices  will  decline. 

This  imposes  losses  on  the  two  factors  in  region  1 and  these  losses 
are  determined  by  the  supply  conditions  of  the  two  factors  in  region  1, 
the  rate,  but  not  the  hlas,  of  technical  change  in  region  2 and  the  share 
of  region  1 in  the  total  production  of  the  2 groups.  If  region  1 is  a 
small  part  of  the  total  and  demand  is  inelastic  the  effect  on  region  1 
can  be  drastic. 

II 

For  region  2 the  demand  curves  shift  outward  as  shown  by 

If 

D^2  Figure  7 for  neutral  technical  change.  Landowners  gain  most  be- 
cause land  is  In  relatively  inelastic  supply.  With  labor  saving  technical 

It  f It  1 

change  (0^2  and  0^2)  their  gains  are  accentuated.  For  land  saving  tech- 
nical change,  the  reverse  is  true. 

It  is  not  suprising  then  that  the  owners  of  agricultural  land  rather 
than  the  owners  of  labor  services  have  the  strongest  interests  in  supporting 
both  research  and  extension.  This  becomes  even  more  apparent  if  we  relax 
the  assumption  of  Immcbillty  of  labor  between  the  regions.  If  labor  is 
perfectly  mobile,  group  wage  differences  cannot  exist  and  the  wage  will  rise 
or  fall  in  both  regions  by  the  same  proportion,  (predicted  by  the  one  region 
model).  This  will  accentuate  the  losses  by  land-owners  in  region  1 and  the 
gains  by  land-owners  in  region  2. 
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Agricultural  •xtenalon  which  effaces  bom  tranafar  of  tl»  regloa  2 each- 
oology  to  ragioQ  1 producers  will  reduce  the  loeees  of  region  1 landowners 
and  the  gains  of  region  2 landowners.  If  labor  is  iasubilc  It  will  do  this 
for  labor  as  well.  If  extension  increases  the  aobility  of  labor  between  the 
two  regions  it  will  produce  a sK>re  equitable  distribution  of  wage  payaents 
but  will  exacerbate  the  gains  and  losses  to  landowners.  Ve  would  accordingly 
expect  all  landowners  in  lagging  regions  (with  low  wages)  to  pressure  exten- 
sion services  to  transfer  technology  and  to  inhibit  or  at  least  not  encourage 
labor  aobillty.  Landowners  in  leading  (high  wage)  regions  will  have  an 
Interest  in  seeing  that  labor  mobility  is  encouraged  and  will  tend  to  stress 
implementing  state-produced  technology  as  opposed  in  achieving  transfer  from 
other  states . 

B.  Political  Interests 

This  combination  of  interests  goes  a long  way  toward  explaining  our 
current  research  and  extension  system.  Ve  have  state  experiment  stations 
supported  heavily  by  state  rather  than  federal  funds  and  pressured  to  pro- 
duce state  targeted  technology.  The  extension  and  research  services  seek 
to  maximize  adoption  of  technology  and  spill-over  across  state  boundrles. 
Sometimes  this  spill-over  takes  place  through  "adaptive"  research  and 
Invention  in  which,  for  example,  a crop  variety  produced  for  one  state  is 
utilized  as  a parent  variety  in  a breeding  program  in  another  state. 

We  would  thus  expect  extension  services,  particularly  those  with  a 
strong  state  staff  integrated  with  the  research  program  of  the  states  to 
have  the  effect  of  lowering  the  different l.al  gains  and  losses  between  geo- 
climate  regions.  The  more  investment  made  in  state  1,  the  less  the  damage 
to  producers  surplus  imposed  by  new  technology  suited  to  state  2. 

Finally,  the  fourth  dimension  of  the  general  distribution  issue, 
i.e.,  the  effects  of  research  and  extension  on  the  distribution  of  Income 


77 


•cross  different  sized  ferns.  Is  perheps  the  most  eesily  txnderstood. 

Metf  technology  Is  often  dlfferentlelly  eccesslble  to  different 
groups  of  femars.  Within  the  ssae  regions,  large  farserti  have  aore  in- 
centives to  search  end  to  experleent  then  saell  fezaers  slncti  the  benefits 
fron  search  ere  proportional  to  fam  size  while  the  costs  airs  not.  This 
naturally  leads  to  early  adoption  of  new  technology  by  large  farms,  provid- 
ing then  vlth  innovators  rent.  These  innovators  rents  to  large  ferns  nay 
be  transitory  imless  new  technology  Itself  has  a scale  bias,  l.e.,  the  new 
technology  reduces  costs  for  large  scale  farms  such  nore  then  for  siaaller 
ones,  or  unless  Input  and  credit  aarkets  remain  accessible  only  to  large 
farms.  Insofar  as  innovators  rents  are  temporary  In  nature,  these  rents 
ought  not  to  be  eliminated.  These  rents  provide  Incentives  for 

large  farmers  to  perform  experiments  in  a given  year.  This  also  lovers 
the  cost  of  learning  and  experimenting  for  the  smaller  scale  producers  who 
would  have  access  to  and  benefit  from  them  In  the  Immediate  future.  In  the 
case  where  innovation  rents  tend  to  be  more  permanent , Institutional  changes 
* that  facilitate  access  to  new  technology  become  necessary.  Agricultural 
extension  services  then  become  an  Important  feature  of  any  Institutional 
package  designed  to  eliminate  the  permaneut  nature  of  some  innovators  rents. 
Extension  activities  lover  the  cost  of  learning  and  experimenting  and  thus 
lowers  the  levels  of  Innovators  rents.  Reducing  rents  to  Innovativeness  via 
extension  does  not  necessarily  produce  too  little  innovative  activity  since 
extension  can  also  reduce  the  real  cost  of  Innovativeness.  Again,  however, 
the  payoff  to  such  activities  depends  on  the  capacity  of  small  scale  farmers 
to  process  and  use  new  and  cheaper  Information  to  their  advantage. 


78 


C.  Research  Quality  and  Effectiveness 

A recent  review  of  the  U.S.  Agricultural  Research  system  has  been 
critical  of  the  system  on  two  counts.  First  it  appears  that  there  is 
considerable  duplication  of  research  projects  and  a lack  of  coordination 
of  research  work.  Second,  the  Judgment  is  made  that  research  quality  is 
low. 

The  methods  of  research  quality  evaluation  in  a particular  research 
discipline  (or  sub-discipline)  are  themselves  quite  objective  and  in  some 
cases,  even  quite  formal.  Reviewers  of  Journal  papers,  for  example,  form 
Judgments  as  to  quality  of  submitted  manuscripts.  Such  criteria  as  clarity, 
elegance  and  rigor  are  applied.  Reviewers  look  for  errors  in  logic,  mistakes 
In  the  application  of  statistical  methods,  etc.  In  general,  originality  is 
also  given  some  weight. 

It  is  important  to  note,  however,  that  research  programs,  particularly 
applied  research  programs,  are  cosq>osed  of  a number  of  research  disciplines 
and  work-disciplines.  Furthermore,  some  of  these  applied  disciplines  are  in 
effect  multiple  or  mixed  disciplines  with  specific  applied  research  objectives. 
These  disciplines  have  different  and  sometimes  conflicting  objectives.  In 
the  less  applied  disciplines,  useful  knowledge  in  the  form  of  new  technology 
or  new  managerial  or  policy  information  is  given  little  weight.  In  such 
disciplines  the  scientific  publication  is  the  sole  indicator  of  output  and 
the  publication  review  process  and  the  citation  process  provides  the  archi- 
tecture for  the  growth  of  knowledge. 

At  the  other  end  of  the  spectrum,  the  discipline  may  be  solely  interested 
in  producing  new  technology.  The  scientific  paper  may  have  limited  relevance 
in  such  a discipline  and  much  of  the  published  output  may  be  of  a reporting 
nature.  Also,  such  disciplines  tend  to  produce  extension  type  literature, 
i.e.,  literature  for  an  audience  broader  than  the  discipline.  The  scientific 
paper  plays  a lesser  role  in  guiding  research  project  development  in  these 
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disciplines,  vhich  say  also  respond  quite  directly  to  the  Interests  of  a 
clientele.  Asparagus  growers  in  California  would  be  an  ezaaple  of  a 
cl'sntelc  group  which  can  sake  dcaands  on  an  applied  rasearch  discipline. 

find  It  convenient  to  distinguish  between  the  evaluation  of  re- 
search quality  within  narrowly  defined  disciplines  and  the  evaluation  of 
quality  in  a research  program  encompassing  several  disciplines. 

Consider  first  the  meaning  of  quality  within  a narrowly  defined 
discipline  or  research  area.  Each  discipline  will  have  developed  its  own 
criteria  for  research  quality.  These  criteria  will  be  applied  to  the 
publications  of  scientific  papers  and  to  some  extent  to  the  evaluation  of 
research  proposals.  A well  organized  research  area  will  have  developed 
conslstant  research  objectives  and  research  quality  criteria.  These  objec- 
tives will  take  into  account  the  nature  of  the  epeciallzed  niche  which  the 
research  area  has  in  the  larger  scheme  of  the  research  program. 

Even  in  a well  organized  research  discipline,  research  quality  as 
measured  in  the  discipline  itself  will  vary  by  researcher  and  by  research 
institution.  It  will  vary  by  age  and  by  type  of  graduate  training.  The  real 
world  problem  of  the  outdated  and  unmotivated  "deadwood"  exists  in  spades  in 
research  organizations.  Furthermore,  since  many  research  disciplines  are 
specialized  on  applied  problems,  they  may  have  llt*le  control  over  the  "re- 
search potential"  which  they  work  with  and  even  high  quality  researchers  may 
find  it  increasingly  difficult  to  produce  research  and  output  because  their 
potential  is  exhausted. 

Simple  measures  of  research  output  per  unit  of  input  such  as  publications, 
patents,  new  varieties,  etc.,  per  SMY,  are  indicators  of  quality  only  in  a 
restricted  sense.  They  are  subject  to  the  exhaustive  phenomen  and  to  the 
problem  that  "supply  creates  its  own  demand".  An  expansion  in  the  number  of 
scientists  in  a discipline  may  create  an  increase  in  the  demand  for  journals 
and  related  publications,  but  not  necessarily  in  the  real  products  of  the 
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■yitem.  In  our  rosoarch  work  as  part  of  this  psper  wa  utiUzad  patants 
and  citations  as  output  aaasures  to  avoid  soae  of  tha  worst  problaos. 

Patents  are  granted  by  examiners  from  outside  the  discipline  and  are 
more  reliable  indexes  of  certain  types  of  research  products.  Citations 
are  also  determined  partially  outside  the  discipline  and  have  other 
desirable  features. 

In  some  fundamental  sense,  the  more  important  questions  regarding 
research  quality  have  to  do  with  both  the  organization  and  design  of 
research  disciplines  or  areas  within  larger  research  programs  and  with 
the  consistency  of  the  research  objectives  and  quality  criteria  of  each 
discipline  to  the  objectives  of  the  overall  research  program. 

The  design  of  an  effective  research  program  is  an  extremely  difficult 
problem.  We  know  some  of  the  principles  on  which  such  programs  should  be 
based,  but  are  not  really  in  a position  to  "plan"  research  in  a conventional 
sense.  Actually,  the  agricultural  re  earch  system  of  the  U.S.  represents 
one  of  the  few  cases  where  a large  number  of  research  disciplines  and  sub- 
disciplines  are  institutionally  related  to  each  other.  The  USDA-SAES  system 
has  evolved  its  structure  over  a long  period  of  time  In  response  to  pressures 
from  its  ultimate  clients,  the  producers  and  consumers  of  food  and  fibre 
products.  It  has  developed  a complex  range  of  disciplines  and  sub-disciplines, 
each  with  Its  own  quality  criteria. 

Crop  improvement  work,  for  example,  is  primarily  done  in  Plant  Breeding 
and  Agronomy  disciplines.  However,  the  closely  related  disciplines  of  Plant 
Pathology,  Soils  Science  and  Entomology  are  very  much  part  of  the  crop  improve- 
ment system.  Within  each  of  these  disciplines,  sub-disciplines  with  somewhat 
different  quality  criteria  exist.  Further,  experiment  stations  have  also 
Incorporated  plant  physiology  and  other  biological  sciences  in  their  institu- 
tional structure  in  an  effort  to  produce  new  discovery  potential.  These 
disciplines  exist  outside  the  USDA-SAES  system,  as  well,  and  different  quality 
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■tudards  nay  ba  appllad  by  the  two  groupa. 

Thera  la  an  unfortunate  tendency  aaong  aclentiata  to  apply  quality 
etandarde  aulted  to  one  dlaclpllnc  to  related  dlsclpllsea.  There  la  a 
natural  hierarchy  aaong  dlaclpllnea  uaually  froa  the  baalc  dlaclpllnea  to 
the  related-applied  dlaclpllnea.  The  quality  atandarda  for  publication  In 
the  "aother"  dlaclpllnea  are  generally  regarded  to  be  higher  than  la  the 
case  for  the  aubsidlary  dlaclpllne.  In  a veil  organized  reaearch  ayatem, 
they  ahould  be.  It  la,  however,  the  caae  that  applied  dlaclpllnea  uaually 
are  aubject  to  a certain  anount  of  crltlclam  from  the  baalc  dlaclpllnea  which 
Is  part  of  the  general  anobbery  of  the  aclences. 

The  fact  that  agricultural  aclences  are  subject  to  crltlclam  then  la 
hardly  surprising.  What  has  to  be  determined  la  whether  they  are  subject  to 
legitimate  criticism,  legitimate  In  the  sense  that  an  agricultural  research 
discipline  Is  not  demanding  scientific  rigor  and  other  quality  standards  that 
are  appropriate  to  Its  mission.  On  this  point  we  may  note  that  there  la  al- 
ways an  age  distribution  problem  In  any  science  which  Is  experiencing  change. 

Kany  older  scientists  will  not  have  the  incentives  to  maintain  themselves  at 
the  research  frontier  of  a more  basic  science  (In  fact  many  will  not  maintain 
themselves  at  the  applied  frontier).  New  scientists,  recently  trained  at 
this  frontier  are  required  to  keep  an  applied  field  lively.  There  Is  thus 
a natural  time  lag  In  the  application  of  new  research  quality  standards  In 
applied  fields  of  research. 

The  pattern  of  hiring  In  many  agricultural  science  fields  Is  one  of 
rapid  expansion  in  the  1950's  with  slower  expansion  In  the  1960’s  and  almost 
no  expansion  in  the  1970's.  This  has  burdened  the  U.5.  agricultural  research 
system  with  an  unfavorable  age  distribution.  Another  factor  Influencing  judgments 
of  quality  of  the  system  is  the  nature  of  the  State  Experiment  Station  System 
with  much  apparent  i'jplicatlon  of  effort  and  limited  coordination  of  the  effort. 
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Tb*  arguaant  has  baac  mada  alaawhara  (Sva&aoa,  Vaggooar,  lutcan  (Sclanca)) 
chat  such  of  this  duplication  is  Bora  apparant  than  raal  bacausa  of  tha  llaitad 
transfarabilicy  of  taefanology.  It  can  ba  qulta  afflciant  to  hava  a nuabar  of 
parallal  reaaarch  afforts  undtrvay.  It  la  avan  aort  afflciant  If  thaaa  programs 
ara  actlvaly  producing  laprovad  tachnology  targatad  to  local  aconoaic  and 
cliaaclc  conditions.  Perhaps  aora  l^tortantly,  tha  SAKS  prograas  anabla 
cliantela  Interests  to  be  expressed  far  aore  effectively  than  a federal 
system  could.  This  is  a strength  of  the  system. 
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D.  Progpecti  for  Future  Celns 

two  queetlong  racardlag 

I aow  turn  to 

future  reeaerch  aad  azteneioa  actlvltp  aad  to  future  pro* 

ductivlty  growth.  The  two  queetione  ere:  1)  Will  the  public  egrlculturel 

reseerch  end  exteoeloo  ecrvlce  cootlaua  to  be  eupported?  2)  Hill  tble 
system  cootlnue  to  be  productive? 

The  first  question  requires  ettentlon  to  changes  la  the  else  end  power 
of  the  Interest  groups  supporting  agricultural  research.  1 noted  earlier 
that  coosisaer  groups  have  not  been  a significant  interest  group  supporting 
research  and  extension.  Indeed,  the  "consuaerlsa"  of  recent  years  has  often 
antagonistic  toward  research.  It  has  been  particularly  critical  of  real  and 
potential  collaboration  with  private  firms  who  are  generally  seen  a'  wii*. 
"enemy".  It  has  concentrated  on  food  additives,  regulation  and  related 
Issues  rather  than  the  price  of  food.  I see  no  reason  to  suppose  that 
consumer  Interest  groups  in  the  next  few  years  will  become  a significant 
force  supporting  research  to  lower  food  costs.  They  will  support  some  re- 
search on  health,  nutrition  and  related  matters,  however. 

It  has  also  generally  been  the  case  In  recent  years  that  political 
expression  at  the  federal  level  has  not  been  a key  factor  in  research  and 
extension  support.  Indeed,  recent  federal  administrations  have  attempted 
to  inhibit  research.  OHB  has  questioned  its  effectiveness  in  recent  years. 
This  partly  reflects  the  fact  that  at  the  federal  level  some  producer  groups 
see  agricultural  research  as  harming  their  real  Interests.  I would  think 
that  this  perception  has  probably  changed  and  will  continue  to  change  as 
the  agricultural  economy  becomes  more  export  oriented. 


There  Is  littls  doubt  that  the  productlTlty  and  azport  parforaanct 
of  tbs  agricultural  ocoooay  has  baan  a bright  spot  In  tht  gtoeral  aconoalc 
picture  of  the  pest  8 years  or  so.  Purtberaore,  vltb  strong  aiport  demand 
sad  rapid  productivity  growth,  farm  incoaea  and  returns  to  factors  have  grown. 
Even  a cursory  glance  at  the  data  will  show  that  landowners  have  reaped  huge 
gains  from  the  situation.  Ve  now  have  an  incredibly  wealthy  agricultural 
sector. 

One  wonders  whether  the  traditional  political  support  for  farm  programs 
has  not  shifted  in  recent  years  with  the  rapid  growth  of  large  scale  corpo- 
ration farming  and  the  growth  in  wealth  of  commercial  farmers.  Can  one 
seriously  use  argxjments  about  rural  virtues,  clean  air,  etc.  to  tax  the  middle 
class  to  protect  the  wealth  of  one  of  tha  economy's  wealthast  sectors?  I 
suppose  ve  will  continue  to  hear  about  the  vlrtuen  of  rural  life  for  decades 
to  come,  but  it  seems  to  me  that  the  real  political  support  for  farmers  is 
based  on  pure  Interest  group  politics  which  farm  groups  perform  very  effect- 
ively, particularly  in  forming  coalitions  with  agriculturally  related 
businesses. 

The  growth  of  agricultural  firms  and  private  agriculture  supply  firms 
has  not  only  affected  the  farm  economy  and  its  politics.  It  has  also  in- 
duced a change  in  the  relative  balance  of  research  and  extension  activities. 
With  the  growth  in  private  plant  breeding  in  recent  years  and  the  Increasing 
importance  of  farm  chemicals  and  animal  health  products,  the  role  of  the 
public  research  and  extension  system  is  changing.  Less  attention  is  being 
given  to  main  line  production  improvement  and  more  to  siaintenance  and 
regulatory  problems . The  case  can  be  sude  in  many  areas  of  research  and 
extension  support  that  less  public  research  be  done. 

The  state  level  public  support  base  has  been  the  mainstay  of  the  public 


85 


■yctem  for  many  yaars  and  vlU  probably  coaclnua  to  b«.  Ihla,  bowavar, 
la  aalnly  a producar  intaraat  group  aupport  baaa  and  It  nay  ba  arodad  by 
the  incraaalng  rola  of  the  prlaata  flxa  aactor  in  aom  atataa.  Bowavar, 
with  raaponalvf.naaa  on  the  pare  of  the  ayatea,  the  incraaalng  agri-btialncaa 
Incercsca  nay  actually  reault  in  an  azpanaion  of  the  ayatea  aa  the  California 
ayatem  daeonatratea . 

Thla  brings  me  to  the  aecond  question  regarding  the  future  effectiveness 
of  the  system.  It  la  related  to  the  cllentale  structure  of  the  system.  Over 
the  course  of  the  last  century,  the  agricultural  research  and  extension  system  has 
gone  through  a number  of  reforms  and  Institutional  restructuring.  It  could 
not  have  remained  productive  had  It  not  done  so.  Some  of  these  reforms  and 
changes  were  responses  to  the  changing  demand  for  the  products  of  the  system, 
some  to  the  changing  supply  of  fundamental  scientific  knowledge  which  was  of 
relevance  to  the  system. 

It  is  important  that  any  Institution  be  responsive  to  both  of  these  factors 
and  that  it  remain  true  to  Its  mission.  The  agricultural  research  and  ext- 
ension system  has  a real  clientele  represented  by  the  Interest  groups  supporting 
it.  They  not  only  Influence  funding,  but  in  more  critical  ways  articulate  a 
demand  for  new  techniques  and  solutions  to  problems  to  the  system.  The  extension 
system  plays  a role  in  this  articulation  process.  It  is  also  important  that 
there  is  a kind  of  competition  among  different  state  systems  which  Induces  more 
effective  research. 

In  general,  a research-extension  systom  without  effective  clientele  pressure, 
cannot  be  expected  to  continue  to  produce  the  most  valuable  and  useful  results. 

If  it  serves  the  Interests  of  Its  own  staff  it  will  generally  become  unproductive. 
On  the  other  hand,  a research  system  cannot  ignore  Its  supply  side.  It  must  be 
capable  of  using  all  available  and  relevant  sclectlflc  knowledge.  Applle. 
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ntaarch  organiz«ticms  who  cut  thcaselves  off  from  the  larger  ecleatiflc 
community  quickly  exhaust  their  discovery  potential.  Thla  potential  must 
be  replenished  and  developed  If  the  ayataa  la  to  remain  productive. 

As  Z look  at  the  contemporary  agricultural  reaaarch  and  aactanslon 
system.  It  seams  to  me  that  It  is  likely  to  prosper  If  It  can  convince 
s tate  producer  groups  that  It  la  servicing  them  well.  I would  Judge  that 
the  responsiveness  to  the  demand  side  la  pretty  high  and  I would  think  that 
suny  state  systems  will  be  able  to  expand  along  the  lines  of  the  California 
model.  This  will  necessarily  raise  the  related  political  Issues  of  public 
support  for  private  groups,  etc.,  which  have  also  emerged  In  California. 

I am  not  quite  as  optimistic  that  the  system  Is  maintaining  Its  supply 
side  and  much  Is  happening  on  the  supply  side.  The  modem  developments  In 
the  biological  sciences  have  relevance  to  agriculture.  No  research  system 
can  afford  to  give  fundamental  science  low  priority.  Yet  many  experiment 
stations  have  an  age  distribution  problem  because  of  the  slowdown  In  hiring 
In  recent  years. 

Fortunately,  If  some  stations  can  realize  some  growth  In  staffing,  this 
will  probably  bring  In  some  younger  scholars  who  will,  by  the  nature  of 
reasonably  good  graduate  training,  be  bringing  in  new  Ideas. 

In  susBsary  then,  I don't  see  any  serious  erosion  In  the  support  level 
for  agricultural  research,  or  In  Its  effectiveness.  1 would  think  that  there 
Is  some  prospect  for  some  growth  In  both  dimensions.  It  follows  than  that  I 
see  continued  contributions  to  productivity  growth  In  agriculture  from  the 
public  sector. 
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I«  Introduction 

AlChough  the  phanuceutlcel  industry  dates  back  to  the  lest  eenturyi  its 
developaent  into  a major  industry  with  its  current  characteristics  began  about 
forty  years  ago.  Prior  to  the  thirties,  the  industry  was  largely  a commodity 
based  industry  producing  a relatively  small  number  of  chemical  compounds  and 
engaging  in  little  research  or  development  of  new  pharmaceuticals. 

The  present  era  of  the  research  oriented  pharmaceutical  industry  had  its 
origins  in  the  mid  thirties  when  the  first  Important  group  of  antl-infectlve 
drugs  were  introduced.  In  particular,  sulfanilamide  was  introduced  in  1936 
after  it  was  discovered  to  be  effective  against  streptococci  bacteria  without 
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having  toxic  effects  on  human  cells.  This  development  stimulated  consid- 
erable interest  in  research  on  other  potential  drug  therapies.  Several  imp- 
ortant drug^  most  notably  penicillin,  and  the  other  "magic  bullet"  antibiotics 
were  introduced  over  the  next  decade  and  a half.  After  World  War  II,  pharm- 
aceutical research  broadened  to  cover  several  different  therapeutic  areas. 

A number  of  new  drugs  were  introduced  to  deal  with  cardiovasculai;  respiratory, 
neurological,  and  other  disease  categories. 

This  development  of  the  Industry  into  a research  based  industry  competing 
in  terms  of  new  drug  Innovation  has  been  accompanied  by  the  evolution  of  exten- 
sive government  regulations  of  new  drug  innovations.  Government  regulation  in 
this  industry  in  fact  dates  back  to  the  Pure  Food  and  Drug  Act  of  1906.  Early 
drug  reguletion,  however,  was  directed  primarily  at  patent  medicine  abuses.  In 
1938,  following  a drug  disaster  that  killed  over  one  hundred  children,  the  Food, 
Drug  and  Cosmetic  Act  was  passed  by  Congress.  This  law  required  new  drugs  to  be 
approved  as  safe  by  the  Food  and  Drug  Administration  (the  FDA)  before  they  could 
be  introduced  into  interstate  comerce.  It  also  provided  the  basis  for  the 
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•cparation  of  pharucauticalt  into  cchical  druga,  vhlch  uy  ba  purchaaad  only 
with  a doctor 'a  prescription  and  proprietary  drugs,  which  say  be  generally  aold 
over  the  counter.  In  1962  Congreaa  further  paaaed  the  Kafauvar-Harria 
Aaendaenta  to  the  FoodtDrug  and  Coametic  Act.  These  aaendaents  required  a new 
drug's  efficacy  as  well  as  safety,  be  deaonatrated  on  the  basis  of  well  cootroll 
scientific  tests  prior  to  marketing  approval  by  the  FDA.  Furthermore,  they 
extended  FDA  regulatory  controls  to  the  clinical  development  process  in  order 
to  protect  human  subjects  involved  in  new  drug  testing. 

In  addition  to  these  FDA  regulatory  controls,  numerous  other  public  pollcie 
Impact  cbe  Innovational  process  in  the  pharmaceutical  industry.  The  oppor- 
tunities for  new  drug  discoveries  are  enhanced  by  government  support  of  basic 
research  in  the  biomedical  sciences.  The  economic  incentives  for  undertaking 
drug  research  and  development  are  affected  by  federal  patent  and  tax  policies. 

In  addition  there  are  a number  of  federal  and  state  programs  Chat  are  directed 
at  Che  marketing  and  distribution  of  drugs  that  also  can  have  potentially  sig- 
nificant effects  on  the  economic  returns  to  ^new  drug  innovation  (e.g.  state 
substitution  laws,  product  formularies,  the  Maximum  Allowable  Cost  program  of 
Medicare  and  Medicaid  reimbursements,  etc.) 

While  Che  pharmaceutical  industry  has  been  one  of  our  most  innovative 
industries,  the  level  of  new  drug  introductions  appear  to  have  declined  sig- 
nificantly from  the  earlier  post  World  War  II  period.  The  reasons  for  and 
social  significance  of  this  decline  have  been  Che  subject  of  considerable  atten- 
tion by  both  policymakers  aod  academicians.  At  Che  same  time,  there  is  cautious 
optimism  in  some  circles  at  the  present  time  about  the  future  prospects  for 
Industry  in  the  next  few  decades,  given  the  possibility  of  several  Important 
drugs  now  in  the  pipeline  (especially  in  the  emerging  biomolecular  research  are^. 

Several  important  changes  in  government  policies  toward  Che  industry, 
aspecially  in  the  regulatory  and  patent  areas,  have  been  recently  proposed  and 
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■nd  arc  nov  under  active  debate.  Ihla  la  therefora  a particularly  apt  tloe 
to  examine  the  effects  of  governaent  policies  on  innovation  in  the  ethical  drug 
industry.  Itie  sections  of  the  paper  which  insaediately  follow  provide  an  over- 
view  of  industry  structure  and  the  character  of  technical  progress  in  ethical 
drugs.  The  last  half  of  the  paper  then  turns  to  an  analysis  of  public  policy 
Impacts  on  drug  innovation  and  also  discusses  the  policy  changes  currently 
under  active  discussion  by  Congress  and  other  related  parties. 


4 


II.  Industrial  Organization 
A.  Industry  Demand  and  Crouch 

Table  1 presents  some  historical  data  on  the  value  of  shlpoants  for  Che 
Ilureau  of  Census  pharmaceutical  preparations  Industry  (SIC  2834) . These  data 
are  further  disaggregated  Into  domestic  ethical  drug  and  proprietary  drug 
sales  and  overall  exports  to  other  countries.  The  rapid  rate  of  growth  in 
ethical  drug  Industry  sales  since  1939  Is  clearly  evident  from  Che  data  in 
Table  1.  In  the  period  between  1939  and  the  early  sixties,  growth  occurred 
at  a truly  explosive  pace  with  the  value  of  shipments  increasing  more  than 
an  order  of  magnitude  In  nominal  terms.  Over  Che  last  two  decades,  the  rate 
of  growth  In  value  of  shipments  has  slowed  significantly,  but  still  remains 
above  Che  average  for  all  manufacturing. 

Table  2 presents  a breakdown  of  ethical  drug  sales  for  1978  Into  broadly 
defined  therapeutic  categories.  The  two  leading  categories  are  central  nervous 
system  drugs  (l.e.  antlarthriclcs,  tranquilizers,  antidepressants,  analgesics, 
drugs  for  epilepsy  and  stroke,  etc.)  and  antllnfecClves.  These  two  categories 
collectively  account  for  almost  40  percent  of  total  sales.  The  remaining  sales 
are  divided  rather  evenly  among  the  other  therapeutic  categories. 

Table  3 presents  Information  on  the  buyer  side  of  the  market  for  ethical 
drugs.  This  cable  shows  that  approximately  75  percent  of  ethical  drug  sales 
are  made  through  retail  pharmacies.  Retail  prescription  sales  currently  account 
for  about  5 percent  of  total  national  expenditures  for  health  services  and 
tuppllea. 

The  concentration  of  buyers  In  the  recall  market  is  very  low.  There  are 
approximately  60,000  retail  pharmacy  cutlets  In  the  United  States  and  perhaps 
200,000  to  300,000  physicians  that  prescribe  drugs  on  a regular  basis.  The 
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TABLE  1 

PharnAceutlcal  Preparatloot,  except  Blologlcals. 
for  Huaan  Use  ^ 

Value  of  Product  Shipments  In  Millions  of  Dollars. 


DOMESTIC  SALES 


TEAR 

ETHICAL 

PROPRIETARY 

EXPORTS 

TOTAL 

1939 

148.5 

152.4 

(a) 

301.0 

1947 

520.7 

317.6 

(a) 

838.3 

1954 

1088.9 

368.3 

(«) 

1457.2 

1963 

2001.6 

787.1 

99.3 

2888.1 

1967 

2885.8 

999.5 

112.7 

3998.0 

1972 

4286.8 

1427.8 

125.0 

5839.6 

1977 

6607.9^’^ 

2221.2^ 

260.3^ 

8829.1 

(a)  not  reported  separtely 

1 Includes  pharmaceutical  preparations  of  Industries  not  classified  as 
sic  2834 

2 in  1977  ethical  category  was  split  up  into  prescription  legend  and  over- 
the-counter  professional 

3 includes  exports 

4 figure  obtained  from  Current  Industrial  Report  1977;  MA  28C  (77)-l  Table  5 


Definition  of  Terms 

Ethical  - Products  primarily  advertised  or  otherwise  promoted  to  or  prescribed 
by  Che  health  professionals 

Prescription  legend  - A drug  product  which  by  federal  law  is  available-  only  by 

prescription  by  a licensed  physician 

Over-the-counter  Professional  - A drug  product  sold  over-the-counter  and  primarily 

promoted  to  the  professions 

Proprietary  - A drug  product  primarily  advertised  or  otherwise  promoted  to  Che 
general  public 

SOURCE:  Bureau  of  Census.  Census  of  Manufacture  Industry  Statistics. 

Croup  28C 
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TABLE  2 


MJtnufacCurers'  Ootaettle  Sales  of  Ethical 
Drugs  for  Human  Use,  by  Product  Class, 
1978 


Class 

Central  Nervous 
System 

Anfl-Infectives 

Gastrointestinal  and 
Genitourinary 

Neoplasms  and 
. Endocrine 

Vitamins  and 
Nutrients 

Cardiovasculats 

RespiraCory- System 

Dermatologlcals 

Other 

TOTALS 


tclative  Share  of  Sales 

23.6Z 

15.0 

11.8 

9.7 

9i6 

9.4 

7.8 

2.9 

10.2 

% 

100. oz 


SOURCE: 


Pharmaceutical  Hanufacturers  Association,  Annual  Survey  (1978) 
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TA2LE  3 


Percentage  Distribution  of  Manufacturers' 
Dooestlc  Sales  aaong  Retail  Pharmacies, 
Hospitals,  Covemnent  Agencies,  1970 


Percentage 

($  Billions) 

Retail 

74.5 

4296.9 

Hospital 

14.4 

831.8 

Government 

11.1 

639.4* 

Total 

100. 

5768.1 

^Prescription  drugs  only. 

SOURCES:  David  Schwartznan.  Innovation  in  the  Pharaaceutlcal  Industry, 

(John  Hopkins  University  Press,  1976),  p.  25  as  coopiled  froa  the  following 
original  sources  - For  retail  and  hospital  sales,  IKS  America,  Ltd., 

U.S.  Phannaceutical  Market,  Drug  Stores  and  Hospitals  (Ambler,  Pa:  IMS 
America  Ltd.,  1970).  Data  summary,  U.S.  Dept.  HEU,  Social  Security  Admin., 
Office  of  Research  and  Statistics,  SS  Pub.  59-71  (5-71),  1971. 
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Individual  doctor  is  an  Inportant  dcclaioD-aaker,  although  ha  doca  not  pay 
the  price  for  the  product.  It  ia  the  doctor,  and  not  the  patient,  «dio  sakea 
the  decision  as  to  what  product  and  what  brand  will  be  prescribed.  It  is 
generally  aaintalned  that  doctors  decisions  in  this  re,,  ird  arc  primarily  in- 
fluenced by  considerations  of  product  quality  and  reputation  of  the  manufacturer 
and  only  secondarily  by  a product's  price.  Consequently,  demand  for  ethical 
drugs  is  often  taken  to  be  relatively  inelastic  over  broad  ranges  in  price  - 
in  large  part  because  of  the  quality  orientation  of  doctor's  prescribing 
decisions.  In  recent  years,  however,  state  substitution  laws  have  given  pharm- 
acists more  scope  for  discretion  In  product  selection  for  multi-source  products. 
The  exact  effects  of  these  laws  on  retail  dispensing  patterns  remains  to  be  seen 
at  the  current  time. 

The  institutional  sector  - hospitals  and  various  govermoent  purchasing 
agencies  - accounts  for  about  25  percent  of  total  sales  and  Is  considerably  more 
concentrated  than  the  retail  drug  area.  Drugs  purchased  bv  these  institutions 
tend  to  be  bought  in  larger  quantity  lots,  often  using  ccapetetlve  bidding  pro- 
cedures.  Consequently,  demand  In  this  market  is  generally  assumed  to  be  more 
price  elastic  than  in  the  retail  sector  and  generic  product  sales  are  mbre 
concentrated  in  this  sector. 

B.  Supply  Side  Structure 

Three  distinct  segments  or  subgroups  of  competitors  can  be  identified  in 
the  ethical  drug  industry.  The  first  and  by  far  the  most  important  group  from 
the-standpoint  of  industrial  innovation  consists  of  the  large  research  intensive 
multinational  firms.  These  firms  account  for  the  major  share  of  both  new 
product  introductions  and  total  ethical  drug  sales.  At  the  other  end  of  the 
competitive  spectrum  Is  a large  number  of  generic  manufacturers  Chat  specialize 
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In  producing  unbranded  produces  st  low  prlcss  sftsr  Chs  orlglnstlng  finis  paeeoc 
baa  azplrad.  In  between  these  extreaes  la  a third  group  of  prlaarlly  doMstlc 
flma  chat  have  research  prograas  to  develop  new  drug  products  under  their  own 
brand  nanes,  but  on  a such  smaller  scale  than  the  nultlnaclcnals . 

Thera  are  perhaps  twelve  to  fifteen  U.S.  firms  that  can  be  placed  In  the 
research  Intensive  multinational  group.  These  firms  together  with 
their  foreign  multinational  counterparts  compete  In  a worldwide  market.  Comp- 
acltlon  among  the  multinationals  centers  around  the  discovery  and  promotion  of 
new  drugs  capable  of  winning  significant  market  shares  In  the  International 
market.  These  drug  products  are  typically  protected  by  product  patents  (and 
perhaps  also  process  patents)  and  marketed  under  copyrighted  brand  names.  Al- 
though many  of  the  U.S.  multinationals  produce  an  extensive  line  of  both  brand 
name  and  generic  products  for  the  domestic  market,  their  profits  and  sales  tend 
Co  be  disproportionately  tied  to  a handful  of  single  source  products  developed 

by  the  company  and  promoted  under  brand  names. 

% 

Table  4 presents  the  ethical  drug  sales  ranking  for  twenty-four  pharmaceutical 
firms  with  U.S.  hospital  and  pharmacy  sales  In  excess  of  100  million  dollars  In 
1978.  The  U.S.  pharmaceutical  market  is  not  dominated  by  a few  firms.  Instead, 
sales  are  distributed  rather  evenly  across  many  major  firms.  This  Is  reflected 
by  the  fact  chat  the  lop  four  and  eight  leading  firms  account  for  only  24  and 
42  percent  respectively  of  ethical  drug  sales.  Nevertheless,  the  twenty-four 
leading  firms  listed  In  Table  4 collectively  account  for  nearly  80  percent  of 
total  sales  and  the  multinational  firms  predominate  among  this  group.  In 
addition  to  several  U.S.  multinational  firms,  there  are  six  foreign  multinational 
fin:  among  chose  leading  firms  (three  headquartered  In  Switzerland,  and  one 
each  from  Germany,  the  United  Kingdom,  and  Mexico). 
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TABLE  4 


Lsading  Firms  in  U.S.  Ethical 
Drug  Sales  In  1978 

A.  Sales  Ranking  of  Manufacturers  with  Sales  In  Excess  of  $100  Hllllon  Dollars 
In  1978 


1.  Ell  Lilly  Co. 

2.  American  Home  Products 

3.  Merck  and  Co. 

4 . Roche 

5.  Smithkline 

6.  Johnson  and  Johnson 

7.  Varner  Lambert 

8.  Bristol  Myers 

9.  Upjohn 

10.  Pfiier 

11.  Abbott 

12.  Schering 


13.  Ciba  Ceigy 

14.  Searle 

15.  Squibb 

16.  Burroughs  Uelcone 

17.  American  Cyanaaid 

18.  Wander 

19.  Robins 

20.  Revlon  Health  Croup 

21.  Sterling 

22.  Hoechst  Roussel 

23.  Richardson  Herrell 

24.  Syntex 


B.  Percentage  of  U.S.  Ethical  Drug  Sales  Accounted  for  by  - 


Leading  4 firms  .. 

.,,25.71 

" 8 firms  .. 

.. .41.71 

" 12  firms  ,. 

...55.11 

" 16  firms  .. 

...65.31 

" 20  firms  .. 

...72.91 

" 24  firms  .. 

...78.31 

^Sales  of  ethical  pharmaceuticals  plus  ethical  OTC  in  all  drug  stores, 
discount  houses  and  hospitals. 


IMS  America,  Ltd. , U.S.  Pharmaceutical  Market,  Drug  Stores  and 
Hospital  (Ambler,  Pa:  IMS  America  1976) 


SOURCE; 
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Tablt  5 present!  vorldvlde  •«!!§  data  for  the  U.S.  tnasan  ethical  phar- 
■aceutlcal  Industry  for  the  period  1955  to  1978.  These  data  show  the  Inportance 
of  foreign  sales  In  the  growth  of  the  Industry  over  recent  periods.  In  1978, 
foreign  sales  represented  41  percent  of  total  sales  coopered  with  only  25 
percent  in  1965.  Foreign  sales  have  been  growing  at  twice  the  rate  of 
dooestic  sales  for  U.S.  firms  in  recent  years.  In  addition,  a list  of  eati- 
mated  sales  for  the  top  ranked  SRiltinational  finu  in  1977  compiled  by  the 
United  Nations  Center  on  Transnational  Corporations  indicates  10  of  the 
largest  20  pharaaceutical  firms  are  U.S.  firms,  although  the  number  one  ranked 
firm  is  a German  firm  (Hoechst). 

In  contrast  to  the  competitive  orientation  of  the  nultinationals  around 
new  product  development  and  introduction  in  worldwide  markets,  the  generic 
firms  specialize  in  producing  low  cost  multi  source  products  after  patent 
rights  have  expired.  There  ate  at  present  several  hundred  manufacturers 
specializing  in  generic  products  but  their  collective  market  share 
is  less  than  10  percent  of  the  ethical  drug  market.  Their  sales  are  concen- 
trated in  certain  products  with  above  average  tendencies  for  generic  prescribing 
and  for  certain  institutional  buyers  that  are  particularly  price  sensitive. 

As  discussed  above,  there  are  at  the  present  time  some  Important  policy 
developments  and  structural  trends  which  may  enhance  the  competitive  position 
of  generic  products  in  future  periods.  In  particular , several  states  have 
passed  liberal  substitution  laws  which  encourage  pharmacists  to  sutstltute  low 
cost  products  for  the  brands  prescribed  by  physicians.  While  the  amount  of 
substitution  that  has  occurred  to  date  has  been  minimal,  some  of  the  large 
chain  stores  have  recently  begun  to  promote  and  implement  drug  substitution 
programs.  These  developments,  together  with  ths  tendency  for  the  average  ef- 
fective patent  life  on  new  drugs  to  decline  In  recent  years,  luy  result  in 
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TABLE  5 

U.S.  HtBaan  Die  Ethical 
Phan&Aceutical  Sales, 
1965-1978  ($  millions) 


Tear 

Domestic  Sales 

Foreign  Sales 
(including  exports) 

Total  (domestic  and 
foreign) 

1965 

$2,940 

$999 

$3,939 

1966 

3,178 

1,162 

4,340 

1967 

3,393 

1,351  ' 

4,744 

1968 

3.808 

1,494 

5,302 

1969 

4,135 

1,702 

5,837 

1970 

4,444 

1,981 

6,425 

1971 

4,796 

2,213 

7,009 

1972 

5,136 

2,603 

7,739 

1973 

5,644 

3,078 

8,722 

197A 

6,273 

3,683 

9,956 

1975 

7,806 

4,468 

11,554 

1976 

7,867 

4,908 

12,775 

1977 

8,434 

5,404 

13,838 

1978 

9,411 

6,567 

15,978 

SOURCE:  FharmaceuClcal  Manufacturers  Association,  Annual  Survey  (years  1965-1978). 
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cnhAnctd  compeCltlve  opportunities  for  generic  firms  in  future  periods.  This 
issue  will  be  discussed  further  in  s Ister  part  of  the  paper. 

C.  Concentration  and  Market  Share  Stability 

While  the  data  in  Table  4 show  Chat  the  pharmaceutical  industry  is  not 
dominated  by  a few  firms  with  large  market  shares,  most  economists  would  still 
consider  the  industry  to  be  oligopolistic.  In  this  regard,  it  is  reasonable 
to  argue  that  Che  relevant  markets  should  be  defined  in  terms  of  therapeutic 
categories  rather  than  total  ethical  drug  industry.  This  is  because  drugs 
oriented  to  one  therapeutic  use  (e.g.,  vitaains)  are  generally  not  substitutes 
for  chos'!  in  ocher  categories  (e.g.,  antibiotics  or  anti-depre4sancs).  Although 
no  classification  scheme  of  "therapeutic  markets"  is  likely  to  satisfy  every-* 
one,  a prior  atcempt  Co  define  such  markets  by  one  of  the  authors  yielded  four- 
firm  concentration  ratios  that  averaged  68  (Vernon,  1971).  These  data  are 
presented  in  Table  6 and  cover  a selected  group  of  19  therapeutic  markets.  In 
another  study,  Cocks  and  Vires  (1974)  conrcructed  therapeutic  markets  by  system- 
atically evaluating  physicians’  prescribing  habits.  Their  scheme  yields 
markets  which  are  generally  more  broadly  defined  Chan  those  in  Table  6, and  as  a 
consequence,  had  somewhat  lower  concentration  ratios.  Nevertheless, 
however  one  defines  therapeutic  categories,  one  tends  to  observe  much  higher 
levels  of  concentration  for  these  markets  than  for  the  Industry  as  a whole. 

Some  analysis  has  been  undertaken  in  recent  years  of  the  dynamic  "insta- 
bilicy"of  Che  market  shares  of  ethical  drug  sales  as  well  as  within  particular 
therapeutic  sarkets.  Although  drug  markets  are  subject  to  considerable  concen- 
tration at  any  given  point  in  time,  one  might  also  expect  to  observe  a high 
rate  of  turnover  in  firm  market  shares  overtime  as  a consequence  of  Che  rapid 
flow  of  new  product  introductions  in  this  industry. 
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TABLE  6 


Concentration  of  Salea  in  the  United  States  Ethical 
Drug  Industry,  by  Therapeutic  Markets,  1968 

Therapeutic  Market  4-Pina  Ratio 

Anesthetics  69 

Anti-Arthritics  95 

Antibiotics-Penicillin  55 

Antispasmodics  59 

Ataractics  79 

Bronchial  Dilators  61 

Cardiovascular  Hypotensives  79 

Coronary-Peripheral  Vasodilators  70 

Diabetic  Therapy  93 

Diuretics  ' 64 

Enzymes-Digestants  46 

Beoatinlc  Preparations  52 

Sex  Bomones  67 

Corticolds  55 

Muscle  Relaxants  59 

Psychostimulants  78 

Sulfonamides  79 

Thyroid  Therapy  69 

Unweighted  Average  68 


SOURCES; 


John  M.  Vernon,  "Concentration,  Promotion  and  Market  Share  Stability 
In  Pharmaceutical  Industry",  Journal  of  Industrial  Economics,  July  1971. 
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DouglKO  Cocks  (1975)  hss  undercskea  an  analysis  of  this  Issua.  Spe- 
cifically, he  first  cooputed  an  instability  index  for  the  ethical  drug 
industry  and  compared  it  with  similar  indices  computed  for  twenty  industries 
by  Byser  and  Pashlgian  (1962) 1q  • prior  analysis.  Only  one  industry  was 
found  to  have  a higher  "instability  index"  than  pharmaceuticals.  In  addi- 
tion, he  found  a high  degree  of  volatility  of  firm  market  shares  within 
particular  therapeutic  classes  associated  with  rival  new  product  introduc- 
tions displacing  established  market  leaders  over  the  ten  year  period 
examined  in  his  analysis. 

D.  Conditions  of  entry 

Three  major  factors  have  been  cited  in  the  literature  as  important  sources 
of  entry  barriers  in  the  ethical  drug  Industry:  patents,  brand  differentiation 
and  scale  advantages  in  research  and  development. 

Patents  play  a significant  role  in  the  innovative  process  for  the  ethical 
drug  industry.  This  is  in  apparent  contrast  with  many  other  technologically 
progressive  industries.  « 

In  the  case  of  pharmaceuticals,  the  main  output  from  the  R and  D process 
is  the  knowledge  and  evidence  that  a particular  chemical  entity  is  a safe  and 
effective  therapy  in  the  treatment  of  a particular  disease  plus  the  FDA 
certification  of  this  evidence  in  terms  of  marketing  approval.  However,  once 
this  knowledge  becomes  publicly  available,  the  costs  of  imitation  by  rival 
producers  are  usually  low.  Hence,  there  is  little  to  stop  rival  firms  from 
producing  this  compound  on  similar  terms  as  the  innovator  in  the  absence  of 
legal  barriers  such  as  those  afforded  by  the  patent  systN^iS. 

Firm  R and  D strate”  es  are  consequently  oriented  around  developing 
products  that  are  patentable.  Over  90  percent  of  the  new  chemical  entities 
coming  to  the  U.S.  market  in  recent  years  have  Involved  drugs  protected  by 
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product  patents.  Furthenaore,  approxlaately  half  cf  all  praacrlptlon  drug 
sales  at  the  present  tlae  involve  single  source  products  protected  by 
patents. 

A patent  barrier,  of  course,  can  be  overcone  by  the  development  of 
cbealcally  distinct  substitutes  for  the  established  urket  leader's  producC- 
Aa  discussed  above,  there  Is  in  fact  considerable  narket  share  turnover  in 
this  industry  associated  vith  the  introduction  of  nev  cheaical  entities.  One 
strategy  for  inventing  around  an  existing  firm's  patent  that  has  received 
considerable  attention  in  the  literature  is  "molecular  modification."  This 
refers  to  the  development  of  a similar  compound  so  as  to  retain  a rival  product's 
auln  therapeutic  effects  (or  hopefully  Improve  them)  but  at  the  same  time 
possesses  a chemically  distinct  structure  chat  can  be  patented.  Our  discussion 
in  part  III  on  the  character  of  technical  progress  indicates  many  such 
"families"  of  drugs  with  similar  chemical  structures  and  therapeutic  properties 
have  been  developed  in  Just  this  manner. 

Nevertheless,  the  strategy  of  developing  "me  too"  products  through 
molecular  modification  is  neither  costless  nor  always  guaranteed  to  produce 
an  effective  substitute  for  an  established  product.  In  contrast  to  imltacive 
products  involving  already  approved  substances  by  the  FDA  (i.e.,  generic 
equivalents)  chemically  differentiated  products  must  undergo  full  scale  re- 
views of  safety  and  efficacy  by  the  FDA.  Hence  these  drugs  must  be  tested  on 
the  same  scale  as  all  previously  approved  products.  Therefore,  under  cur- 
rant regulatory  conditions  the  imitating  firm  is  faced  with  several  million 
dollars  In  development  costs  and  several  years  in  lag  time  before  chemically 
distinct  follow  on  drugs  can  be  marketed  as  approved  nev  drugs. 

Data  from  trade  sources  indicate  that  firms  in  the  drug  Industry  as  a 
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whole  epend  • little  over  ten  percent  of  their  eelee  on  reeeerch  end  develops 
■ent  expenditures  end  at  Icest  e coaparable  percentage  aaount  on  proootional 
outlaya.  Promotional  outlaye  per  dollar  of  sales  tend  to  be  greatest  in  the 
early  stages  of  a product  life  cycle  when  information  on  a new  drug  is  being 
initially  diffused.  As  noted  above,  products  are  promoted  under  brand  names 
with  the  objective  of  building  up  a stock  of  good  will  or  specific  preference 
in  the  minds  of  physicians  for  the  Innovating  film's  product.  This  has 
historically  provided  an  important  source  of  product  differentiation  advantages 
vis-V-vis  nev  entrants  after  patents  expire  (i.e.,  competitively  advertised 
brands  and  generic  products). 

There  ia  also  evidence  that  the  firm  Which  introduces  the  first  product  of 
a nev  "family"  of  drug  therapies  can  obtain  important  product  differentiation 
advantages  relative  to  follow  on  imitative  products.  Bond  and  Lean  (1977) 
have  examined  this  issue  in  a recent  FTC  study.  In  the  case  of  the  oral 
diuretic  market,  for  example,  they  found  that  the  first  drug  on  the  market, 
Merck's  Dluril  introduced  in  1958,  enjoyed  substantial  competitive  advantages 
over  a number  of  therapeutically  similar  (but  chemically  distinct)  drugs  that 
quickly  followed  it  on  the  market.  These  data  indicate  that  Merck  spent  less 
than  half  as  much  per  sales  dollar  on  promotion  for  Diuril  than  follow-on 
products  and  also  charged  a significantly  higher  price  than  competitors.  Despit 
these  policies,  in  1971,  thirteen  years  after  the  original  introduction  of  Dluri 
it  was  still  the  market  leader  with  a 33  percent  share  of  the  oral  diuretic 
market.  Bond  and  Lean  further  found  that  those  follow  on  products  that  were  mos 
successful  in  capturing  market  shares  were  those  that  offered  significant 
therapeutic  gains  over  established  diuretics,  rather  than  merely  relying  on  high 
promotion  levels  or  price  discounts. 


> 
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Ac  Che  preienC  Clme,  Chere  la  evidence  Co  auggeac  CheC  Che  drug  flms 

•re  concenCraClng  laore  of  chelr  R end  D efforc*  on  developing  drugs  which 
enbody  new  approaches  Co  disease  creaCmenC  and  leas  on  developncnC  of  "bc  Coo" 
produces.  This  reflecCs,  ac  lease  In  pare,  Che'serong  upward  crends  In  Che 
coses  and  clmes  for  developing  and  obcalnlng  FDA  approval  of  a new  drug  enclcy 
coapared  wlch  a few  decades  ago.  Oaca  discussed  In  Che  nexc  secclon  indlcace 
Chac  R and  D coses  have  escalaced  sharply  relacive  Co  overall  recums  for  new 
drugs  and  hence  chere  Is  less  economic  InpenClve  Co  develop  "me  Coo"  produces. 
Of  course  firms  are  still  moClvaCed  Co  explore  compoundii  with  chemically 
related  structures  to  those  of  existing  products  In  hopes  of  developing 

f , 

products  with  Improved  therapeutic  properties.  There  does  appear,  however, 
to  be  an  Increased  emphasis  on  drug  candidates  with  significant  market  share 
potential  to  compensate  for  increased  development  costs. 

It  also  appears  that  as  a result  of  the  sharp  Increase  In  the  costs  and 
riskiness  of  developing  new  drugs  Chat  economies  of  scale  considerations  in 
drug  R and  D Is  a much  more  Important  factor  chan  was  Che  case  a few  decades 
ago.  This  Is  consistent  with  the  findings  of  recent  studies  that  drug  in- 
novation Is  now  much  more  concentrated  in  the  large  drug  firms  than  in  '.he 
early  sixties.  (Crabowskl  and  Vernon,  1976) 

E.  Industry  Profitability  and  Pricing  Trends 

The  pharmaceutical  industry  has  ranked  near  the  top  of  the  manufacturing 
sector  In  terns  of  overall  profit  rates  for  moat  of  the  post  World  War  II  period 
This  aspect  of  industry  performance,  together  with  the  high  price  cost  marg.os 
on  particular  products,  has  received  considerable  attention  from  congressional 
committees  beginning  with  the  highly  publicized  Kefauver  Hearings  in  the  late 


fifties  and  sixties. 
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In  recent  years,  however,  there  has  been  a noticable  tendency  for  Industry 
profit  rates  to  begin  converging  toward  the  average  obtained  by  the  entire 
nanufacturing  sector.  In  Table  7*  earnings  data  baaed  on  the  FTC's  Quarterly 
Financial  Reports  are  presented  for  the  phareaceutical  industry  and  the  overall 
manufacturing  sector  for  the  period  1956-1979.  These  data  indicate  that 
pharmaceutical  earnings  as  a percent  of  net  stockholder  equity  has  consistently 
been  above  the  average  for  all  manufacturing  over  this  period.  At  the  same  tine 
there  is  a clear  trend  evident  in  these  data  for  the  difference  in  the  profit 
rates  to  narrow  over  time.  This  is  especially  true  in  the  pre  tar.  profit  series. 
Among  other  things  this  apparently  reflects,  with  some  response  lags,  the  lower 
rates  of  Industry  growth  and  slower  rates  of  new  product  introductions  in  recent 
years  compared  with  the  early  post  war  period.  These  trends  (together  with  recent 
technological  developments  that  have  produced  more  optimistic  assessments  of 
Industry's  prospects  over  the  Immediate  future)  will  be  discussed  in  detail  in 
the  next  part  of  the  paper. 

Another  issue  that  has  received  considerable  attention,  primarily  In 
academic  studies,  is  the  potentially  significant  bias  present  in  reported  profit 
rates  for  the  drug  Industry  (and  other  industries  with  similar  characteristics) 
which  results  from  the  expensing  rather  than  capitalizing  of  so-called  intangible 
capital  outlays — i.e.,  R and  D and  advertising  investment  expenditures.  It  is 
standard  accounting  practice  to  expense  these  intangible  capital  outlays  even 
though  conceptually  they  are  in  fact  investment  expenditures  with  expected 
retuma  distributed  over  future  periods.  Recent  academic  analyses  by  Clarkson 
(1977)  and  Crabowski  and  Hueller  (1978)  have  adjusted  reported  profit  rates  in 
several  industries  including  drugs  and  have  found  that  profit  rates  in  ethical 
drugs  do  have  a significant  upward  bias  on  this  .'ccount.  In  the  Crabowski  and 
Mueller  study,  for  example,  su>re  than  half  the  reported  difference  in  profit 
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TABLE  7 


Kates  of  Re turn  on  Average  Stockholders  Equity 


1956  - 1979 

Before 

Taxes 

After  Taxes 

Tear 

Pharmaceutical 

Industry 

All 

Manufacturing 

Pharmaceutical  All 

Industry  Manufacturing 

1956 

34. 6Z 

22. 6Z 

17. 6X 

12. 3Z 

1957 

37.4 

20.0 

18.6 

11.0 

1958 

34.5 

15.4 

17.7 

8.6 

1959 

34.1 

18.9 

17.8 

10.4 

1960 

32.5 

16.6 

16.8 

9.2 

1961 

32.4 

15.9 

16.7 

8.8 

1962 

32.4 

17.6 

16.8 

9.8 

1963 

32.8 

18.4 

16.8 

10.5 

1964 

34.1 

19.8 

18.2 

11.6 

1965 

37.1 

20.0 

20.3 

13.0 

1966 

37.0 

22.5 

20.3 

13.4 

1967 

33.7 

19.3 

18.7 

11.7 

1968 

35.1 

20.8 

18.3 

12.1 

1969 

35.4 

20.1 

18.4 

11.5 

1970 

32.3 

15.7 

17.6 

9.3 

1971 

31.9 

16.5 

17.8 

9.7 

1972 

32.7 

18.4 

18.6 

10.6 

1973 

33.1 

21.8 

18.9 

12.8 

1974 

29.7 

23.3 

18.7 

14.9 

1975 

27.7 

18.9 

17.7 

11.6 

1976 

28.1 

22.7 

18.0 

13.9 

1977 

28.9 

23.2 

18.2 

14.2 

1978 

28.5 

24.5 

18.8 

15.0 

1979 

28.8^ 

25.7 

19.3^ 

16.4 

1 

a 

considerable  number 

of  companies  where 

reclassified  by  Industry. 

The 

percentage  of  coopanles  reclassified  in  the  drug  industry  Is  unknown. 

NOTE:  For  purpose  of  this  Table  the  pharmaceutical  industry  is  defined  as  corp- 

orations primarily  engaged  in  manufacturing  blologicals,  inorganic  and  organic 
stsdlclnal  chemicals,  and  pharmaceutical  preparations;  and  grading  and  grinding 
botanicals. 

SOURCE:  Quarterly  Financial  Reports  (for  manufacturing,  mining  and  trade  corp- 

orations) 1937  - 1979,  Federal  Trade  Comalssion 
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Source: 


FICUM  OHE 


Coaparlaon  of  Selected  Price  Indices 
1960-1979  (1967-100) 


YEAR 

*ljCK#d»«  ce^pon«Mi 

•»  anricMnctf  moi*w% 


Pharmaceutical  Industry  Fact  Book  as  constructed  from  the  following 


original  soursed — CPI  Indices;  Consumer  Price  Index  Detailed  Reports, 
▼arious  issues;  Firestone  Index  - Firestone,  various  issues. 


22 


ratca  betveen  the  drug  Industry  and  the  overall  saaplc  scan  vara  alialnatcd 
vhan  K and  D and  advertlalng  outlays  ware  capitalized  rather  than  expensed. 
While  there  is  room  for  disagreement  on  the  appropriate  asaumptiona  for 
making  such  profit  rate  adjustments,  it  is  clear  that  these  adjustments  do 
tend  to  further  reduce  the  difference  betveen  drug  Industry  and  overall 
manufacturing  accounting  profit  rates  observed  in  Table  7. 

Another  Issue  that  has  received  considerable  public  policy  attention  is 
the  high  race  of  price  inflation  in  health  services  sector.  The  price 
performance  of  prescription  drugs,  however,  hai  been  in  marked  contrast  with 
ocher  sectors  of  the  health  services  industry.  In  Figure  1,  we  present  trends 
in  the  consumer  price  index  for  prescription  drugs,  for  medical  care  (excludlns 
drugs)  and  for  all  items  over  the  period  1965  through  1979.  While  overall 
health  sector  prices  have  increased  at  a much  more  rapid  rate  than  the  CPI 
Index  over  this  period,  relative  prices  for  prescription  drugs  have  declined 
over  time.  The  decline  is  especially  pervasive  during  the  sixties.  It  has 
continued  at  a diminished  rate  over  more  recent  periods.  It  should  also  be 
noted  that  current  government  price  indices  tend  to  inadequately  adjust  for 
product  quality  Improvements  so  that  they  tend  to  overestimate  the  degree  of 
Inflation  in  technologically  progressive  sectors  vis-a-vis  non  progressive 
ones. 

In  sunaury,  the  ethical  drug  industry,  in  cosmon  with  many  other 
technologically  progressive  industries,  has  experienced  above  average  profit 
races  and  declining  relative  prices  over  time.  Accounting  measures  further 
tend  to  overstate  both  profitability  and  price  inflation  in  research  Intensive 
Industries  with  high  rates  of  product  innovation.  Nevertheless,  given  these 
measurement  error  problems,  there  is  also  a definite  tendency  in  recent 
periods  for  some  convergence  toward  the  average  for  all  manufacturing  evident 
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In  th«  tlM  trends  on  both  these  variables.  The  posilhla  raasooa  for  this 
are  dlaeuassd  further  in  our  analyaia  in  the  folloving  aeetiona  on  technical 
progress  in  this  industry  . 
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III.  Baaic  Characteristics  and  Sourcg»  of  Ttchnical 


Frogrf  « 

A.  Social  «nd  Economic  Efftcta  of  Hew  Drug  Dlicoveritt 

Afl  ve  noted  earlier,  the  modem  drug  Industry  began  In  the  ■id‘>I930'e 
vlth  the  introduction  of  the  first  sulfonamide  drug.  Since  that  time  hundreds 
of  new  drugs  have  been  introduced  in  the  United  States.  Some  of  the  major 
discoveries  that  have  been  introduced  over  the  post  World  War  II  period  Include 
Synthetic  penicillins 
Tetracyclines 
Cortisone 

Chlorpromazine  (major  tranquilizer) 

Keprobamate  (minor  tranquilizer) 

Anti-hypertensives 
Anti-inflammatories 
Oral  contraceptives 
Diuretics 

% 

Anti-diabetics 

Technical  progress  in  the  pharmaceutical  industry  has  particular 
significance,  of  course,  because  of  its  key  role  in  iaproving  the  quality  of 
human  life  and  health.  In  his  veil  known  book  on  health  economics.  Who  Shall 
Live.  Victor  Fuchs  (1974)  stated 

Drugs  are  the  key  to  modem  medicine.  Surgery,  radiotherapy,  and 
diagnostic  tests  are  all  important,  but  the  ability  of  health  care 
providers  to  alter  health  outcomes— Dr.  Walsh  McDermott's  "decisive 
technology" — depends  primarily  on  drugs.  Six  dollars  are  spent  on 
hospitals  and  physicians  for  every  dollar  spent  on  drugs,  but  with- 
out drugs  the  effectiveness  of  hospitals  and  physicians  would  be 
enormously  diminished. 

The  great  power  of  drugs  is  a development  of  the  twentieth 
century— foany  would  say  of  the  past  forty  years.  Our  ege  has  been 
given  many  names — atomic,  electronic,  space,  and  the  like — but 
measured  by  impact  on  people's  lives  it  might  just  as  well  be  called 
the  "drug  cge." 
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Table  8 shows  sone  asjor  changes  in  aorcallCT  rates  for  salactad 
diseases  that  have  occurred  since  1960.  Drugs  have  had  an  laportant  effect 
in  explaining  these  declining  Mortality  rates.  The  nunbers  of  cases  of  suny 
diseases  have  also  been  cut  because  of  iaproved  drug  therapies.  TsMe  9 
shovs,  fpr  exaaplc,  that  new  measles  vaccines  have  reduced  Che  number  of 
measles  cases  by  46  percent  between  1969  and  1978.  Similarly,  new  anti- 
infecCives  have  produced  a 27  percent  decline  in  the  number  of  tuberculosis 
cases  over  the  same  period. 

The  introduction  of  new  pharmaceutical  agents  has  also  resulted  in 
significant  benefits  in  Che  form  of  reductions  in  the  need  for  and  extent 
of  hoar'icalization  for  many  diseases.  For  example,  the  introduction  of 
tranquilizers  and  anti-depressants  was  instrumental  in  reducing  the 
populations  in  mental  hospitals  from  565,486  patients  in  1956  to  202,971 
patients  in  1975. 

In  addition,  the  cumulative  advance  in  drug  therapy  has  provided  a 

relatively  low-cost  means  of  treating  disease  and  producing  good  health. 

% 

This  is  important  because  the  health  sector  is  characterized  by  scarce  and 
expensive  professional  manpower,  labor  Intensive  activities  and  complex 
technical  equipment— all  contributing  to  a very  high  rate  of  cost  Inflation 
in  health  services  over  recent  years.  By  contrast,  the  costa  of  ethical  drugs 
have  accounted  for  a relatively  small  percentage  of  total  health  costs  and 
have  been  a relatively  stable  element  in  the  presence  of  rapidly  rising  costs 
elsewhere  in  the  health  sector. 

B.  Characteristics  of  the  Drug  R and  D Process 

In  this  section  we  shall  examine  the  characteristics  of  drug  R and  D at 
the  level  of  the  individual  firm.  First,  we  describe  the  nature  of  drug  discovery 
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TABLE  8 


Horr.alicy;  Reductions  In  U.S.  Deaths  Per 
100,000  Population  from  Selected  Diseases,  1960  and  1977 


Disease 

1960 

1977 

Z Reduction 

Active  Rheumatic  Fever  and 

Chronic  Rheumatic  Heart  Disease  .. 

...  10.3 

5.9 

43Z 

Hypertensive  Heart  Disease  

..  37.0 

4.8 

87 

Hypertension  

..  7.1 

2.6 

63 

Cerebrovascular  Diseases 

..108.0 

84.1 

22 

Arteriosclerosis 

..  20.0 

13.3 

34 

Pneumonia 

..  32»9 

23.1 

30 

Asthma  

..  3.0 

.8 

73 

Peptic  Ulcer  

..  6.3 

2.7 

57 

Nuphrltls  and  Nephrosis  

..  7.6 

3.9 

49 

Infections  of  Kidney  

..  4.3 

1.7 

60 

Tuberculosis  (all  forms)  

..  6.1 

1.4 

77 

Meningitis  

..  1.3 

.7 

46 

Infectious  Hepatitis  

e • e e 3 

.2 

60 

SOURCE : Statistical  Abstracts,  1979 
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TABLE  9 • 


Reductions  Reported  in  U.S.  Cases  of  Selected  Diseases, 

1969  and  1978 


Disease 

1969 

1978 

Diphtheria  

76 

Encephalitis  .... 

...1,917 

1,183 

Measles 

(all  types).... 

..83,542 

45,170 

Meningococcal 
Infections  .... 

...2,951 

2,505 

Whooping  Cough  . . 

...3,285 

2,063 

Acute  Rheumatic 
Fever  

...3,229 

851 

Tuberculosis  . . . . 

..39,120 

28,521 

Reduction 

Form  of  Treatment 
or  Prevention 

68Z 

Vaccines 

38 

Antibiotics 

46 

Vaccines 

15 

Antibiotics 

37 

Vaccines 

74 

Antibiotics  and 
Steroids 

27 

Antl-lnfectlves 

SOURCE:  Reported  Morbidity  and  Mortality  In  the  United  States.  Annual  Sunaarv, 

1978.  (CDC)  79-8241,  Center  for  Disease  Control,  U.S.  Dept,  of  Health,  Education, 
and  Welfare,  1979. 
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•nd  revltw  how  a nuaber  of  loportant  drugs  have  been  diacoverad.  Tha 
coaplex  nyacea  of  drug  developnenc  and  FDA  Involvcaent  la  Che  next  topic. 

A vell-knovn  atudy  of  the  coat  of  developing  a narketable  MCE  ia  alao 
reviewed. 

1.  PniR  Discovery 

The  process  of  drug  discovery  involve,  n dultl-dlaciplinary  research 
teas  approach  which  Is  generally  characCerxzed  hy  considerable  trial  and 
error  search  effort.  Serendipity  has  also  played  an  Ix&portant  role  in  nany 
Biajor  discoveries.  Some  examples  of  how  drugs  have  been  discovered  will 
provide  further  Insight. 

The  original  sulfa  drug,  sulfanilamide,  was  a lifesaving  drug  in  many 
severe  human  Infections.  It  was  discovered  In  1935  by  Domagk  who  observed 
Chat  the  red  dye  sulfamldochrysoldlna.  vas  effective  against  streptococcal 
infections  in  mice.  However,  It  had  several  serious  side  effects,  including 
kidney  damage.  Medicinal  chemists  therefore  synthesized  almost  5000  derivatives 
of  sulfanilamide  searching  for  compounds  without  the  serious  side  effects. 

TVo  of  the  most  successful  drugs  from  this  group  have  been  sulfathiazole  and 
sulfadiazine. 

A chance  clinical  observation  that  patients  taking  sulfanilamide  often 
excreted  a larger  than  usual  volume  of  urine  led  to  the  development  of  a 
whole  new  class  of  diuretic  drugs.  Again,  testing  of  many  closely  related 
chemical  compounds  was  necessary  to  discover  the  most  effective  diuretics. 
Slxd.larly,  serendipitous  clinical  observation  of  patients  on  sulfanilamide 
therapy  led  to  antl-thyrold  and  oral  hypoglycemic  drugs. 

There  are  nany  additional  examples  of  drugs  discovered  by  chance  obser- 
vation. The  nost  famous  Is,  of  course,  Fleming's  discovery  of  penlcillan. 
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The  laportanc  najor  cranqulllser,  chlorprosazine,  vee  the  result  of  the 
unexpected  discovery  that  certain  if  the  antihlataalnes  are  potent  depres- 
sants of  the  central  nervous  system.  Others  include  the  anti-hypertensive 
actions  of  the  6-blockers,  the  anti-inf lanmatory  effects  of  the  steroids, 
and  the  anti-gout  action  of  allopurinol. 

Random  screening  is  another  technique  of  drug  discovery.  Schvartzman 
(1975)  has  described  one  expecially  interesting  example.  In  search  of  a 
drug  to  combat  tuberculosis,  Lederle  Laboratories  systematically  tested  a 
file  of  103,000  chemical  compounds  which  had  been  developed  by  its  parent 
company  for  a variety  of  purposes.  Eventually,  after  many  years,  a compound 
originally  developed  for  use  as  an  antioxidant  additive  for  rubber  was  found 
to  be  effective  against  tuberculosis.  Six  hundred  similar  compounds  were 
synthesized  and  the  Important  anti-tubercular  drug  ethambutol  was  discovered. 

These  examples  suggest  that  drug  discovery  is  largely  an  empirical, 
trlal-and-error  process.  However,  this  situation  is  changing  dramatically. 
For  example,  a 1979  article  In  Business  Week; 

More  and  more,  the  development  job  is  done  today  by  setting  forth 
in  advance  very  specifically  the  characteristics  desired  in  a new 
drug.  The  molecules  of  the  chemical  compound  are  designed,  atom 
by  atom,  to  affect  a pretargeted  physiological  process  in  the  body — 
inhibiting  or  stimulating,  for  instance,  the  flow  of  a specific 
enzyme.  Examples  of  drugs  developed  in  this  fashion  are  Smith- 
Kline'a  Tagamet;  Squlbb's  Capoten;  and  Lilly's  Dobutrex. 

We  will  return  to  "dlscovery-by-deslgn"  in  the  discussion  in  Part  C. 

Of  course  the  actual  discovery  of  a new  drug  is  only  the  first  step  in 

the  lengthy  process  of  drug  innovation.  In  the  following  section  we  turn  to 

the  development  of  a drug  once  it  has  been  synthesized  and  thought  to  possess 

potential  therapeutic  benefits. 
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2.  Drug  Development 

Figure  2«  reproduced  froa  «n  article  by  Vllllaa  M.  Vardcll  (1979) f 
provide!  a good  overview  of  the  present  ayatea  of  drug  developneot  and 
FDA  regulation.  Aa  explained  earlier,  once  a new  chemical  coapound  has 
been  tested  in  animals  and  found  to  be  worthy  of  huaan  testing,  the 
developer  must  file  an  IKD  (Investigational  New  Drug  application)  with  the 
FDA. 

If  approved  by  the  FDA,  the  drug  proceeds  through  three  phases  of 
clinical  testing.  The~Tlrst~phase  Is  directed  'toward  examining  a drug's 
possible  toxic  effects  and  is  performed  on  healthy  Individuals .under  highly 
controlled  situations.  If  a drug  successfuny  completes  this  stage,  it  Is 
then  tested  on  a relatively  small  number  of  patients  to  examine  Its  effec- 
tiveness. It  Is  then  carefully  evaluated  from  a therapeutic  and  marketing 
standpoint  before  the  decision  to  begin  phase  three  Is  made..  Phase  three 
Involves  expanded  studies  In  large  pat,ient  populations  with  a substantial 
escalation  In  development  expenditures.  If  a drug  successfully  passes  these 
three  phases  of  testing  and  is  considered  to  have  sufficient  market  value 
to  warrant  commercial  Introduction,  an  NDA  (New  Drug  Application)  Is  submitted 
to  the  FDA.  Marketing  can  coossence  upon  receiving  an  approved  NDA. 

Several  further  points  should  be  made  with  reference  to  Figure  2.  The 
time  required  to  pass  through  the  three  testing  phases  Is  shown  to  be  A-6 
years  with  an  additional  2-3  years  for  NDA  approval.  The  attrition  rates 
show  that  for  every  ten  drugs  entering  the  IND  stage,  only  one  will  have  an 
NDA  submission.  Notice  chat  Figure  2 shows  no  further  attrition.  According 
to  Harden,  "the  one  survivor  that  reaches  an  NDA  submission  has  a ninety 
percent  chance  of  being  approved  by  the  FDA,  given  five  years  for  review  at 


FDA. 
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The  cost  figures  shown  in  Figure  ? are  based  on  s study  by  Ronald 
V.  Baosen.  Bansen  obtaired  survey  data  from  14  pharmceutlcal  firms  on 
the  R and  D costa  for  a sample  of  MCE's  first  tested  in  man  from  1963  to 
1975.  As  shown,  the  discovery  cost  per  NCE  was  estimated  at  $30  million 
and  the  development  cost  at  $24  million,  or  a total  cost  of  $54  million. 

This  $54  million  figure  represents  the  capitalized  value  (at  8 percent 
interest  and  in  1976  dollars)  at  Che  dace  of  nerketing  approval. 

It  should  be  pointed  out  that  the  $54  million  Includes  the  cost  of 
HCE's  that  enter  clinical  resting  but  are  not  carried  to  the  point  of  NDA 
approval.  For  example,  Hansen  found  that  by  the  end  of  fifteen  months  of 
clinical  testing,  testing  had  ended  on  over  50  percent  of  the  KCE's  that  had 
entered  human  trials.  Renee,  the  $54  million  figure  should  be  Interpreted 
as  the  average  expected  cost  of  discovering  and  developing  £ marketable  NCE. 
C.  The  Sources  of  Pharmaceutical  Innovation 

Ve  begin  by  considering  some  data  concerning  the  expenditures  for  health 
R and  D in  the  United  States.  Table  10  shows  rotal  health  R and  D 
expenditures  (not  just  drug-related),  the  portion  of  that  total  accounted  for 
by  the  Federal  Government,  and  the  privately  financed  drug  R and  D outlays 
by  the  pharmaceutical  industry. 

Of  the  Federal  health  R and  D figure  of  $3.8  billion,  $2.6  blllion-was 
health  R and  D support  accounted  for  by  the  Rational  Institutes  of  Health. 
Vhi:.£  we  do  not  know  the  total  amount  of  Federal  support  for  drug  R and  D, 
there  are  several  formal  programs  concerned  with  drug  development.  The 
largest  is  the  National  Cancer  Institute  Drug  Development  Program  with  an 
annual  budget  of  over  $200  million. 
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TABLE  10 

Expenditures  on  Reslth  R and  D 
(Billions  of  dollars) 


Tear 

Total  Health  R & D 

Federal  Health  R & 

_D 

Private  OruK  R & D 

1960 

.9 

.4 

.2 

1965 

1.9 

1.2 

.3 

1970 

2.8 

1.7 

.5 

1975 

4.6 

2.8 

.8 

1978 

6.2 

3.8 

1.1 

SOURCE:  U.S. 

PMA  Fsctbook. 

Departoeot  of  Health, 

Education  and  Welfare, 

1979  NIH  Almanac; 

r 


6-  H 
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The  rcleclve  laporcencc  of  private  veratia  public  institutions 
(govemaent,  universities,  and  non-profit  foundations)  in  the  discovery 
and  developaent  of  new  drugs  has  been  a controversial  issue.  For  cxaaple, 
the  faaous  Kefauver  Conoittec  hearings  on  the  phamaceutical  industry, 
which  began  in  Deceaber  19S9,  dealt  extensively  with  the  aedical  value  of 
the  R and  D effort  of  the  Industry. 

Cotnanor  (1966)  has  referred  to  that  controversy  as  the  "battle  of  the 
lists."  That  it,  Che  comittce  staff  and  the  industry  prepared  coopeting 
lists  of  new  drugs.  The  coonlttee  list  tended  to  concentrate  on  drugs  that 
embodied  what  It  considered  to  be  major  therapeutic  advances,  and  emphasized 
the  role  of  public  institutions.  The  industry  list,  on  the  other  hand, 

"Included  new  drugs  that  may  not  have  embodied  large  steps  forward  but  that 
are  In  frequent  use  and  thereby  seem  to  have  the  confidence  of  the  country* a 
physicians.  A large  majority  of  the  drugs  on  this  list  were  discovered  and 
developed  within  industry  laboratories." 

Schwartzman  (1976)  has  assembled  some  more  recent  data  on  this  question. 

As  shown  in  Table  11,  close  to  90  percent  of  the  NCE's  introduced  over  the 
1950  to  1969  period  were  discovered  by  private  ethical  drug  firms  (D.S.  and 
foreign).  Furthermore,  this  percentage  exhibits  a tendency  to  increase  over 
time  as  evidenced  by  the  5 percentage  point  increase  in  1960  to  1969  over  the 
earlier  ten  year  period.  Bis  analysis  also  reveals  that  the  Industry  ac- 
counted over  the  1960-69  period  for  86  percent  of  the  therapeutically  siost 
important  drugs,  as  classified  by  Martin  Selfe  of  the  FDA.  This  result  is 
consistent  vlth  similar  analyses  of  this  question  by  Schnee  (1971)  and  Deutsch 
(1973). 

Such  exercises  as  these,  though  useful,  tend  to  de-emphaslze  a basic  point. 


The  roles  of  private  and  public  institutions  are  largely  complementary  rather 
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TABLE  U 


Percentage  of  New  Checlcal  Entitles  Discovered 
and  Introduced  by  the  Phamaceutlcal  Industry 

19S0-19S9,  1960-1969  and  1950-1969 


Periods  in 

Which  Drugs  Were' 

Introduced 

Source 

1950-1959 

1960-1969 

1950-1969 

Industry 

86 

91 

88 

Other 

14 

9 

12 

100 

100 

100 

SOURCE:  David  Schwartzoan,  Innovation  In  the  Pharmaceutical  Industry,  (Baltloore 
The  John  Hopkins  Press,  1976),  p.  74. 

ROTES:  List  of  NCE’s.  Selected  fron  Paul  de  Haen,  New  Product  Survey  and  Non- 
proprietary  Nane  Index.  Codiscovers  are  each  given  1/2  credit  where  the  source 
of  discovery  could  not  be  deterained.  It  was  assigned  to  other. 
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coap«tltlvt.  ProfssBor  Ernat  B.  Chaln»  • Kob«l  Laurcact  for  hla 
work  In  panlcillln  dtvelopacnc,  haa  aada  thia  folnt  wall.  Chain  (1963) 
obaarvtd  that  larga  Indua trial  laboratoriaa  are  idaal  for  "larga-acala 
Bcraaning  for  new  antlbiotica,  largc-acale  phamacological  taating,  and 
the  ayntheaia  of  a vaat  minbar  of  analogoua  or  related  aubatancea  with  the 
ala  of  lisprovliig  one  or  the  other  property  of  a drug.”  The  academic 
laboratory,  on  the  other  hand,  ia  dealgned  "to  break  fundaaentally  new 
ground  towards  a better  underatandlng  of  the  lawa  of  Nature,  and  in  thla 
way  to  lay  the  basla  for  eventual  induatrlal  exploitation  of  the  aclentiflc 
discoveries  emanating  from  its  work.” 

A clear  exception  to  this  description  ia  the  National  Cancer  Institute's 
Drug  Development  Program.  Perhaps  because  of  the  nation's  overriding  desire 
to  cure  cnacer— as  expressed  in  the  National  Cancer  Act  of  1971'»the 
government  has  set  up  a large  scale  program  which  screens  some  15,000  com- 
pounds per  year.  In  fact,  the  NCI  sponsors  all  of  the  major  cancer  treatment 
clinical  trials  groups  in  the  U.S.  and  all  drugs  regardless  of  source  must 
be  tested  by  these  groups.  Of  the  30  anti-cancer  drugs  which  are  coaoercially 
available,  10  were  developed  prior  to  the  beginning  of  the  NCI  program,  and 
the  remaining  20  were  developed  with  aignlf leant  NCI  support. 

A more  recent  description  of  the  complementary  nature  of  private  and 
public  R and  D was  given  by  Richard  D.  Vood,  chief  executive  of  Ell  Lilly, 
in  a 1979  interview: 

The  Industry  depends  on  the  productivity  of  research,  and  research 
goes  in  cycles.  Some  of  it  1"  serendipity,  but  progress  depends 
mostly  on  what  comes  out  of  basic  medical  research  and  the  knowledge 
it  produces.  Then  industry  can  take  hold  of  this  knowledge  and 
dsTclop  new  drugs.  Sometimes  this  occurs  in  stair-step  fashion, 
axul  you  reach  a new  plateau  of  medical  knowledge  that  gives  further 
iepetus  to  new  drugs. 
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Od  the  other  hend,  David  Schwartsaan  (1976)  haa  argued  Chatt  la  pharaa- 
eeutlcal  R 6 D,  "there  exiata  ao  aiaple  flo«^*ehrough  tram  baale  to  applied  R 6 D. 
Baalc  reaearch  advancea  relevant  to  dlacovery,  la  coatraat  to  the  role  of 

haalc  teaearch  in  other  flelda,  do  sot  lead  la  anj  direct  vap  to  nev  dniga.  Rev 
druga  canaot  be  designed  by  logical  deductlona  froo  valid  general  prlnciplea; 
chemical  theory  alone  la  not  enough  and  biological  theory  la  vocfully  inadequate." 
Schwartzman  goea  on  to  obaerve  that  the  aajorlty  of  dlacoveriea  can  be  traced  to 
'>nc  of  three  aourcea:  naturally  occurring  coapounda,  accidental  dlacoveriea.  and 
■odlflcatlons  of  prevloualy  known  drugs.  In  hla  view  thla  explalna  the  relatively 
high  proportion  of  drug  dlacoveriea  Bade  by  the  industry. 

In  this  connection,  we  should  emphasize  the  trend  noted  earlier  that  "dlacovery- 
by-deslgn"  appears  to  be  replacing  the  aore  Inductive  trial  and  error  aethods 
eaphaslzed  by  Schwartzman.  One  Inference  from  this  trend  la  the  strengthening  of 
the  linkage  between  basic  biomedical  research  and  drug  Innovation. 

According  to  Dr.  Vllllam  I.  H.  Shedden,  vice-president  in  charge  of  clinical 
evaluation  at  Ell  Lilly,  scientists  at  Lilly  are  now  taking  a "very  fundamental 
biological  approach"  In  some  of  their  research.  Dr.  Shedden  observed  that  In 
the  old  days  the  chemists  would  make  a batch  of  compounds  and  send  them  over  to  the 
biologists  to  put  into  animals  to  see  what  would  happen.  In  contrast,  today  the 
biologists  ask  the  chemists  to  design  aolecules  to  accomplish  particular  effects. 

One  highly  successful  example  of  drug  design  is  the  anti-ulcer  drug,  Tagaiaet, 
trhich  was  introduced  by  Smith  Kline  in  1977  and  Is  already  the  second  largest 
selling  U.S.  drug.  Knowing  that  the  hormone  hlstaalne  Is  a potent  stimulant  of 
the  gaatric  secretions  that  can  lead  to  ulcers.  Smith  Rllne  scientists  sought  a 
compound  chat  would  inhibit  the  flow  of  histamine.  They  finally  succeeded  In 
designing  a molecule  Chat  would  lock  onto  a "receptor  site”,  thereby  blocking  out 
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Chs  horaone  and.  in  turn,  tha  gaacrle  aaeratlona. 

Aa  Dr.  F.  Roy  Vageloa.  head  of  R 4 D at  Harck,  obaarvad  la  a 1979  inCerviev: 

Thera  haa  been  a flowering  of  bloaedlcal  reaaareb.  Thia  la  a fantaatlc 
Ciae  la  biology.  The  coapanlea  with  the  right  klnda  of  people  and 
xeaourcea  can  capitalize  on  it  and  bring  the  new  kiuwledge  to  bear  on 
the  right  dlaeaaea  and  coapouada. 

The  apparent  trend  toward  cloaer  tiea  between  advancea  In  aclentlflc  knowledge 
and  new  pharaaceutlcal  producta  la  well  llluatrated  by  recoablnant  DMA,  or 
"gene  splicing".  This  new  process  has  been  used  to  Induce  bacteria  to  produce  huoan 
Insulin  and  Interferon,  and  has  exciting  possibilities  In  other  areas.  Several 
established  drug  firms  now  have  research  and  development  programs  In  this  field 
and  several  small  new  firms  have  been  founded  to  explore  its  commercial  application. 
Even  some  universities  are  now  considering  the  establishment  of  genetic  engineering 
companies  to  develop  the  discoveries  of  its  scientists.  (Time,  Nov.  10,  1980) 
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ZV.  Ararat  Tranda  in  tha  Drus  Induatry  During  tha  60*  a and  70*  a 
Tha  Role  of  Regulatory  and  Raw  Ragulatory  Factora 

A.  Annual  Levela  of  New  Product  Introductiona 

Tabla  12  providca  a liat  of  the  annual  nuaber  of  nav  chaalcal  antitiaa 
(RCE'a)  introducad  in  the  Unitad  Stataa  batvaan  I960  and  1978.  (Nav  chemical 
ancitiea  are  new  conpounds  not  previoualy  marketed  and  include  nearly  all 
major  therapeutic  advancea.  Nav  producta  that  are  not  NCE'a  include  coobi- 
nationa  of  cxiating  drugs  and  nev  doaag;  forma.) 

The  race  of  introductions  of  NCE's  has  clearly  declined  since  the  lace 
1950* a.  For  example,  from  1953  Co  1960,  an  average  of  about  50  HCE's  per 
year  vere  introduced.  The  corresponding  number  for  the  1965  to  1970  period 
ia  only  17  NCE's,  and  for  the  most  recent  six  year  period  the  average  is  17 
also. 

This  decline  in  nev  product  introductions  has  been  accompanied  by  cor- 
responding structural  trends  on  the  input  side  of  the  innovational  process. 

As  discussed  above,  Hansen  estimates  the  current  costs  of  developing  and 
marketing  an  NCE  are  on  Che  order  of  tventy-four  million  dollars.  Ve  may 
compare  this  finding  to  prior  studies  by  Clymcr  (1970),  Mund  (1970)  and 
Saratt  (1974)  that  put  the  uncapitalized  development  cost  of  a nev  NCE  in 
tha  one  to  cvo  million  dollars  range  in  the  early  60* a.  Moreover,  Clymer 
axtlauted  that  the  attrition  rate  for  drugs  undergoing  clinical  tests  vas 
tvo  out  of  three  in  the  pre-62  period.  Current  data  analyzed  by  Vllllam 
Bardall  and  reported  in  Figure  2 suggests  that  only  one  in  ten  clinically 
tasted  drug  antitiaa  becomes  a nev  drug  introduction.  Finally  Che  average 
gestation  period  for  a successful  nev  drug  has  also  Increased  significantly 
from  four  to  six  years  in  the  early  sixties  to  the  current  ten  years  or  more 
depicted  in  Figure  2. 
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TABLE  12 


Kew  Single  Entity  Drug  Introductions  In  U.S. 


Tear 

Ruaber 

Tear 

Nuiid>er 

1940 

14 

1960 

50 

1941 

17 

1961 

45 

1942 

13 

1962 

24 

1943 

10 

1963 

16 

1944 

13 

1964 

17 

194S 

13 

1965 

25 

1946 

19 

1966 

13 

1947 

26 

1967 

25 

1948 

29 

1968 

12 

1949 

38 

1969 

9 

1950 

32 

1970 

16 

1951 

38 

1971 

14 

1952 

40 

1972 

10 

1953 

53 

1973 

17 

1954 

42 

1974 

18 

1955 

36 

1975 

% 

15 

1956 

48 

1976 

14 

1957 

52 

1977 

16 

1958 

47 

1978 

23 

1959 

65 

SOURCE:  Phanuceutlcal  Hanufecturers  Association,  Prescription  PruR  Industry 

Pactbook,  1980. 


41 


Th«r«  thus  hu  been  • decline  in  nmunl  new  drug  introductions  sc- 
coapsnled  by  strong  upward  trends  in  the  cents,  tine  snd  risks  sssoclsted 
with  discovering  snd  developing  new  drugs.  In  econoBlsts*  teralnology, 
there  hss  been  s shift  in  the  "production  function"  for  new  drug  innovation 
in  the  direction  of  lower  R snd  D productivity — that  is  to  say,  fever  new 
drug  introductions  are  emanating  from  larger  resource  comoittaents  by  the 
Industry. 

The  causes  snd  importance  of  this  decline  in  new  drug  introductions  hss 
been  the  subject  of  considerable  controversy.  This  debate  hss  centered 
around  the  effects  of  increased  regulation  resulting  from  the  1962  RefsuveirHarris 
amendments  as  a major  cause  of  this  decline  in  innovation. 

An  Initial  response  by  the  FDA  was  to  argue  that  the  observed  decline 
in  pharmaceutical  Innovation  was  in  fact  actually  compositional  rather  than 
real  in  character. 

The  relevant  question  is  not  and  never  has  been  how  many  new  drugs 
are  marketed  each  year,  but  rather  how  many  significant,  useful  and 
unique  therapeutic  entities  are  developed.  . . .The  rate  of  develop- 
ment and  marketing  of  truly  important,  significant,  and  unique 
therapeutic  entities  in  this  country  has  remained  relatively  stable 
for  the  past  22  years  (Alexander  Schmidt,  1974). 

It  is  difficult,  however,  to  substantiate  the  FDA  claim  that  the 

observed  decline  in  new  drug  introductions  has  been  largely  confined  to 

marginal  type  drugs.  As  discussed  above,  it  is  true  that  the  much  higher 

costs  and  risks  of  developing  new  drugs  have  caused  fli^  to  focus  less  in 

their  research  programs  on  Imitative  "me  too"  drugs.  These  drugs  do  appear 

to  have  declined  desproportionately  over  time.  Nevertheless,  there  is  also 

evidence  which  suggests  a decline  in  therapeutically  significant  drugs  as 

veil.  Host  claasifications  of  important  therapeutic  advancea  by  academic 

analysts  show  such  a decline,  as  does  at  least  one  prior  FDA  ranking  of 
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Isportant  drugs. 

Furthermore,  measures  of  pharmaceutical  Innovation  based  on  economic 
criteria  also  suggest  that  a real  decline  has  occurred.  For  axample,  it  vm 
azaalne  a "market  share"  type  measure  which  indicates  the  relative  importance 
of  HCE  sales  to  total  ethical  drug  sales,  ve  find  that  the  share  of  NCE'e  has 
fallen  from  20  percent  In  1957-1961  to  8.6  percent  In  1962-1966,  and  to  6.2 
percent  in  1972-1976  (Grabovskl  and  Vernon,  1976).  Of  course,  these  economic 
SMSsures  will  tend  to  give  little  weight  to  major  therapeutic  advances  for 
relatively  rare  diseases.  However,  It  Is  unlikely  that  the  downward  trend 
can  be  explained  by  an  Increasing*  proportion  of  such  Innovations  over  time 
given  the  adverse  economic  shifts  in  the  costs  of  discovering  and  developing 
new  drugs  which  occurred  over  this  period. 

Sam  Peltzman  has  analyzed  a related  drug  quality  Issue  as  to  whether 
the  large  decline  In  NCE  introductions  could  be  explained  by  fewer  Ineffective 
drugs  entering  the  marketplace  after  the  1962  amendments  were  passed.  His 
analysis  of  data  from  three  groups  of  experts — hospitals,  panels  employed  by 
state  public-assistance  agencies,  and  the  American  Medical  Association's 
Council  on  Drugs — does  not  support  this  view.  These  data  suggest  only  a small 
fraction  of  Che  pre-1962  and  post-1962  NCE  Introductions  could  be  classified 
as  Ineffective. 

In  sun,  the  hypothesis  that  the  observed  decline  In  new  product  Introduc- 
tions has  largely  been  concentrated  In  marginal  or  Ineffective  drugs  is  not 
generally  supported  by  empirical  analyses.  If  one  accepts  that  a significant 
decline  In  drug  Innovation  occurred  In  Che  sixties  and  seventies,  Che  question 
still  remains  as  to  the  role  of  regtilatory  versus  non-regulatory  factors  in 
explaining  this  decline.  In  Che  remainder  of  this  section  we  consider  various 
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posalblllclca  In  chla  regard  aad  the  evidence  froa  varloua  aggregative 
analyala  of  thla  laeue. 

B.  Kegulatory  Developacnta  In  the  Sixties 

Aa  noted  above,  a aajor  leglalatlve  chonge  occurred  In  1962  trlth  the 
paaaage  of  the  Kefauver-Harrla  anendaeota  to  the  Food,  Drug  and  Cosaetlc  Act. 
This  lav  vas  passed  following  the  veil  known  and  tragic  events  associated 
with  the  drug  thalldoolde  (a  drug  Introduced  In  several  foreign  countries 
but  not  the  U.S.).  The  1962  aaendaencs  had  two  basic  provisions  that 
directly  affected  the  drug  Innovations!  process — a proof  of  efficacy  requlre- 
Bsnt  for  new  drug  approval  and  establlshaent  of  FDA  regulatory  controls  over 
the  clinical  (human)  testing  of  new  drug  candidates. 

With  regard  to  the  efficacy  requirement,  the  amendments  required  firms 
to  provide  substantial  evidence  of  a new  drug's  efficacy  based  on  "adequate 
and  well  controlled  trials".  Subsequent  FDA  regulations  interpreted  this 
provision  to  mean  using  experimental  and  control  group  samples  to  demonstrate 
a drug's  efficacy  as  statistically  significant.  The  preferred  mode  of  study 
vas  "double  blind"  control  where  neither  patient  nor  physician  vas  aware 
whether  he  vas  receiving  the  experimental  drug  or  a standard  therapy  or  placebo. 
According  to  Industry  sources,  these  substantial  evidence  criteria  led  to  large 
Increases  in  the  amount  of  resources  necessary  to  obtain  an  NDA  approval, 
czpecially  in  therapeutic  areas  where  subjective  analyses  of  patient  responses 
arc  necessarily  Involved  (analgesics,  anti  depresaencs,  etc.). 

The  second  major  change  In  the  1962  amendments  influencing  the  drug  in- 
novatlonal  process  were  the  Investigational  New  Drug  (IMD)  requirements  on 
clinical  testing.  Prior  to  any  tests  on  human  subjects,  firms  were  now  re- 
quired to  submit  a new  drug  Investigational  plan  giving  the  results  of  animal 
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tciti  and  research  protocols  for  huasn  tests.  Based  on  Its  STsluation  of 
the  IKD  and  subsequent  reports  of  research  findings,  the  FDA  nay  prohibit, 
delay,  or  halt  clinical  research  that  poses  excessive  risks  to  volunteer 
subjects  or  does  not  follow  sound  scientific  procedures.  Bence,  as  a result 
of  the  IKD  procedures  the  FDA  shifted  in  the  post-1962  period  from  essentially 
an  evaluator  of  evidence  and  research  findings  at  the  end  of  the  R and  D 
process  to  an  active  participant  in  the  process  Itself.  This  is  another 
potentially  Important  factor  leading  to  the  higher  development  costs  and 
times  observed  over  more  recent  times. 

In  addition  to  these  two  major  changes  in  the  1962  legislation,  the 
external  environment  surrounding  FDA  decisions  on  new  drug  approval  also 
changed  significantly.  The  thalidomide  disaster  received  vide  publicity 
in  Che  popular  press.  This  in  turn  galvanized  congressional  and  media  at- 
tention on  new  drug  approvals. 

Former  FDA  Commissioner  Schmidt  has  emphasized  the  problems  these 

external  pressures  create  for  the  maintenance  of  a balanced  and  rational 

deciaion-aaking  structure.  He  notes: 

For  example,  in  all  of  FDA's  history,  I am  unable  to  find  a single 
instance  where  a Congressional  committee  investigated  the  failure 
of  FDA  to  approve  a new  drug.  But,  the  times  when  hearings  have 
been  held  Co  criticize  our  approval  of  new  drugs  have  been  so 
frequent  Chat  we  aren't  able  to  count  them  . . . The  message  of  FDA 
staff  could  not  be  clearer.  Whenever  a controversy  over  a new  drug 
is  resolved  by  Its  approval,  the  Agency  and  Che  individuals  Involved 
likely  will  be  Investigated.  Whenever  such  a drug  Is  disapproved, 
no  inquiry  will  be  made.  The  Congressional  pressure  for  our  negative 
action  on  new  drug  applications  Is,  therefore.  Intense.  And  It  seems 
to  be  increasing,  as  everyone  Is  becoming  a self-acclaimed  expert  on 
carcinogenesis  and  drug  testing.^ 

The  expanded  attention  from  Congress  and  the  media  thus  tended  to  re- 
enforce the  natural  incentives  of  FDA  officials  to  err  on  the  side  of  caution 
or  delay  rather  than  the  reverse  kind  of  error. 
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A flnxl  set  of  factors  influencing  R and  D costs  and  regulatory  delays 
relates  to  FDA  resource  capabilities  and  its  nanageaent  procedures.  The  ?DA's 
regulatory  responsibilities  expanded  dramatically  after  the  1962  amendments. 
Llct3'‘  thought  vas  apparently  given,  however,  to  the  resource  and  nanageaent 
probleas  that  might  arise  in  iapleaenting  the  new  law.  This  point  has  come  up 
repeatedly  in  outside  and  intra-agency  reviews  of  the  FDA  over  the  pas  two 
decades. 

The  most  recent  analysis  of  this  question  was  a recent  Genera?  Accounting 
Office  study  that  focused  on  the  KDA  approval  process.  Despite  the  fact  that 
over  90  percent  of  all  KDA'a  are  eventually  approved,  the  FDA  now  takes  between 
two  to  three  years  on  the  average  to  approve  an  NDA.  The  GAO  cited  the  fal- 
lowing probleas  In  FDA  procedural  reviews: 

(i)  FDA  guidelines  are  imprecise. 

(ii)  Reviewers  of  the  NDA  change,  slowing  the  process. 

(ill)  Scientific  and  professional  disagreements  between  FDA  and  ind  .c>7 
are  slow  to  be  resolved. 

(iv)  FDA  feedback  to  industry  about  deficiencies  is  slow. 

(v)  Chemistry  and  manufacturing  control  reviews  are  especially  slow. 

(vi)  Industry  submits  Imcoaplete  NBA’s. 

In  responding  to  the  GAO  report,  the  FDA  has  indicated  the  goal  of  re- 
ducing over  a three  year  period  the  processing  time  on  NDA’s  by  25  percent  for 
drugs  that  represent  Important  or  modest  gains  and  15  percent  for  ell  other 
drugs. 

To  sua  up,  over  the  post-1962  period,  there  has  been  a substantial  In- 
sraaxe  in  both  the  scope  and  Intensity  of  regulatory  controls  on  ethical  drugs. 
Am  a consequence,  it  has  been  postulated  that  the  costs  of  discovering  and 
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developing  * new  drug,  alons  vlth  the  risk  end  uncertainty  of  drug  Innovation, 
have  increaaed  and  that  this  In  turn,  haa  been  a aajor  factor  underlying  the 
obaerved  decline  in  nev  drug  innovation  in  the  United  Statca. 

C.  Alternative  Hypotheses  For  ExplainingPecJining  Innovation  Levels 

Several  ot^er  factors  have  been  advanced  in  the  literature  aa  explanations 
for  the  decline  in  drug  innovation  over  the  past  few  decades. 

Depletion  of  Research  Opportunities  This  hypothesis  has  been  given  the 
Bost  attention  in  the  literature  aa  an  alternative  to  Increased  regulation. 

Adherents  of  Che  research  depletion  hypothesis  argue  chat  major  drug  in- 
novations tend  to  occur  in  waves  or  cycles  and  chat  in  many  major  therapeutic 
areas  we  have  currently  reached  a point  where  the  probability  Chat  a new  dis- 
covery will  be  an  advance  over  existing  therapies  is  quite  low.  They  further 
argue  that  we  are  on  a research  plateau  because  Che  major  disease  areas  left 
Co  conquer  are  the 'ones  where  we  have  the  least  adequate  scientific  under- 
standing of  the  underlying  biological  processes.  Hence,  they  suggest  that 
considerable  investments  of  basic  research  nay  be  necessary  before  a nev  cycle  ' 
of  Increased  drug  discoveries  is  likely  to  occur.  They  further  point  to  the' 
lower  levels  of  drug  Introductions  In  other  developed  countries  (where  regula- 
tion ban  been  less  stringent  than  the  D.S.)  as  important  supportive  evidence 
that  a worldwide  depletion  of  scientific  opportimlties  has  occurred  in  Che 
pharmaceutical  industry. 

Former  FDA  Consissioner  Schmidt  has  expressed  Che  research  depletion 
hypothesis  in  the  following  terms. 

Today's  world  Includes  a great  number  of  important  therapeutic  agents 
unknown  a generation  ago.  These  Include  antibiotics,  antihyper- 
Censivc  drugs,  diuretics,  antipsychotic  drugs,  tranquilizers,  cancer 
chemotherapeutic  agents,  and  a host  of  others  ...  In  many  of  these 
important  drug  groups  there  are  already  a large  number  of  fairly 
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•ioilar  drug!.  Aa  the  gaps  in  bloasdleal  knowladge  dsersast.  so 
do  tha  opporttmitlcs  for  ths  dcvslopaant  of  nsw  or  usaful  ralatsd 
drugs.  As  shown  by  tha  dacllning  nu^er  of  new  singls  antity  drugs 
spprovsd  In  the  U.S.,  England*  Francs  and  Csnany*  this  Is  an  inter- 
national phenosenon.  Ihls  does  not  reflect  a loss  of  innovative 
capacity,  but  rather  reflects  the  norsal  course  of  a growth  Industry 
as  it  becoaes  technologically  nors  nature  (Schaidt,  1974b,  p.  3057). 

This  hypothesis,  advanced  by  the  FDA  and  others,  has  been  rsceived 

with  considerable  skeptlclsa  In  suuiy  scientific  quarters.  Sons  have 

challenged  the  hypotheses  on  conceptual  grounds.  Others  have  pointed  to  the 

vast  expenditures  on  basic  bloaedlcal  research  by  the  Katlonal  Znstltutca 

of  Bealth  and  other  organizations  as  creating  a renewed  pool  of  basic 

knowledge  which  should  offset  any  tendency  toward  a depletion  of  opportunities 

fron  prior  drug  discoveries  (Blooo,  1976). 

Changing  Expectations  In  addition  to  the  factors  of  Increased  regulation 

and  research  depletion,  Lebergott  (1973)  has  pointed  to  the  effects  of  the 

thalidomide  tragedy  on  the  behavior  and  expectations  of  physicians  and  drug 

firms  aa  further  confounding  factors.  In  particular,  he  argues: 

Do  any  of  us  believe  that  after  that  catastrophe,  consumers  were 
quite  as  likely  as  before  to  prefer  new  drugs  to  oneo  tested  by 
experience?  Were  physicians  henceforth  quite  as  likely  to  pre- 
scribe new  drugs — %rlch  the  prospect  of  acute  toxicity  (and  mal- 
practice suits)  when  the  one  chance  of  10,000  ran  against  them? 

Which  of  our  leading  pharmaceutical  firms  would  henceforth  endanger 
its  reputation  (and  its  entire  existing  product  line)  on  behalf  of 
a new  drug  on  quite  the  same  terms  as  It  did  In  the  days  when- bio- 
chemists could  do  no  wrong?.  . .Such  massive  changes  In  the  U.S. 
perspective  on  drugs — we  may  call  them  shifts  In  both  supply  and 
demand  curves — had  to  cut  Che  number  of  more  venturesome  drugs 
put  under  Investigation  since  1962.  It  would  have  done  so  If  the 
entire  FDA  staff  had  gone  fishing  for  the  next  couple  of  years 
(Lebergott,  1973). 

Thus,  Lebergott  argues  that  strong  shifts  in  the  incentive  structure 
facing  physicians  and  manufacturers  occurred  after  ChalldomldL  and  that  this 
would  independently  operate  to  Increase  R and  D costa  and  lower  new  drug  in- 
troductions. Els  analysis  points  up  the  analytical  difficulties  In  Crying  Co 
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Identify  the  effecte  of  resuletory  end  non-resulatery  feetere  that  chanfd 
elaultaneously  aa  a remit  of  the  thalldonldc  incident. 

Advances  In  Phamaeologteal  Science  Dr.  Pettlnsa  of  Hi  Lilly  and 
others  have  also  pointed  to  scientific  advances  in  pharaacological  ecience 
ovsr  the  past  fev  decades  as  another  potentially  laportant  factor.  In 
particular,  he  suggests  that  these  advances,  vhich  have  suide  teratology  and 
toxicological  studies  nuch  aore  sophisticated  and  costly  in  nature,  would 
have  been  incorporated  into  drug  fira  testing  proesdurss  even  in  the  absence 
of  regulatory  requireaents  to  do  so.  That  is,  drug  fins  would  undertake 
many  of  these  increased  tests  in  their  own  self-interest,  in  order  to  reduce 
the  likelihood  of  future  losses  in  goodwill  and  potential  legal  liabilities. 

Several  plausible  hypotheses  have  thus ‘been  advanced  with  respect  to 
the  observed  downtrend  in  drug  innovation.  These  hypotheses  are  not  nutually 
exclusive  and  nay  all  have  contributed  significantly  to  declining  innovation 
in  ethical  drugs.  In  the  next  section  we  discuss  the  coplrical  evidence 
concerning  the  relative  Isportancc  of  increased  govemaent  regulation  versus 
these  alternative  explanations  of  declining  drug  innovation. 

D.  Aggregate  Analytical  Studies  of  Pharmaceutical  Innovation 
1)  Tiae  Series  Studies  by  Peltxaan  and  Bally 

Saa  Peltzaan's  1973  study  of  the  effect  of  the  1962  aaendaents  has  re- 
ceived considerable  attention  in  both  econoaic  and  policy  circles.  Peltzman 
employs  a ”deaand  pull"  aodel  in  which  the  supply  of  new  drugs  in  any  period 
responds  with  a lag  to  shifts  in  demand  side  factors.  The  aodel  Is  esciaatsd 
on  pre-aaendaent  data  (1948-1962)  and  then  aaployed  to  forecast  what  the 
number  of  HCZ's  would  have  been  in  the  post-1962  period  in  the  absence  of 
regulation.  The  effects  of  the  1962  aaeodBents  are  cooputed  as  the  residual 
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diff«r*nc«  b«cv«cn  the  pradictad  and  actual  flow  of  KCa.  Uains  thla  ap- 
proach, Paltr:;:^  concludea  that  **all  tha  diffaranca  batvaaa  tha  pra-1962  and 
post-1962  new  chealcal  aotity  flow  can  ba  attrlbutad  to  tha  1962  aaandaents” 
(Paltman,  1973;  p.  1055).  Bovevar,  his  approach  navar  foxaally  Includaa  or 
coosldera  any  of  the  supply  aids  factors  in  tha  hypochaaes  cltad  abova.  All 
of  tha  obaaxvad  rasldual  diffaranca  aftar  1962  la  attrlbutad  to  incraaaad 
rasulation.  Slnca  this  residual  difference  can  plausibly  reflect  the  affects 
of  a nuaber  of  the  other  factors  cited  above  (i.e.,  research  depletion, 
changing  cxpectationa,  and  scientific  factors),*  it  probably  ancoapasses  various 
non-regulatory  phenomena  as  well. 

Kartln  Bally  (1972)  employed  a production  function  model  of  drug  developaent 
vhieh  does  try  explicitly  to  separate  the  effects  of  regulation  from  the 
depletion  of  scientific  opportunities.  Be  postulates  that  tha  niaber  of  new 
chtslcal  entities  introductions  in  any  period  vlll  be  a function  of  lagged 
industry  R and  0 expenditures  and  that  both  regulation  and  research  depletion 
effects  operate  to  shift  this  R and  D production  fimction  over  tine.  Regulation 
is  captured  explicitly  in  Baily's  model  by  a time  Intercept  shift  variable  and 
depletion  by  a moving  average  of  past  introductions.  Both  variables  were 
quantitatively  and  statistically  significant  when  his  model  was  extiaated  over 
the  period  1954  to  1969.  However,  %d>en  the  model  vas  later  estimated  for  the 
period  extending  through  1974,  the  research  depletion  variable  became  insig- 
nificant and  unstable  over  time. 

Thus,  Che  early  else  series  studies  of  this  issue  by  Fcltzman  and  Bally  both  fc 
strong  negative  impacts  of  regulation  on  new  drug  Innovation.  However,  neither 
study  provided  vary  satisfactory  approaches  for  isolating  Che  effeeCs  of 
regulation  on  innovation  from  other  confounding  effects  discussed  above.  This 
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la  a difficult  econosMCrle  probla  to  handla  la  tba  coataxt  of  astrtf*ta 
tlsa  aarlas  analysis  of  U.S.  Introductions. 

2)  Uardcll'a  Dnis  Las  Analysis 

In  order  to  separate  the  effects  of  Increased  regulation  fro«  other 
hypothesized  factors » one  would  ideally  psrfora  an  "azperlaent"  involving 
two  different  states  of  the  world:  one  with  the  1962  aaendaents  in  effect 

and  one  where  they  are  not.  Given  the  latpossibility  of  this  cxperlaent,  a 
second-best  type  of  analysis  nay  be  to  find  another  country  which  Is  as 
slnilar  to  the  U.S.  as  possible,  but  which  differs  significantly  in  terns 
of  regulatory  controls  and  procedures. 

With  this  kind  of  methodological  approach  In  alndtUllllaa  Vardell,  a 
clinical  pharmacologist,  performed  a series  of  comparative  analyses  of  drug 
introductions  In  the  United  States  and  the  United  Kingdom  in  the  post-1962 
period.  This  latter  country  Is  similar  to  the  United  States  in  terms  of 
high  standards  of  medical  training  and  practice  and  also  has  a very  research 
intensive  multinational  drug  Industry.  However,  the  regulatory  systems  in 
affect  in  the  United  Kingdom  and  United  States  have  important  differences  in 
the  post-1962  period.  Pre-market  safety  reviews  of  new  drugs  essentially 
began  in  1963  in  the  United  Kingdom  as  a response  to  the  thalidomide  tragedy. 

The  safety  reviews  In  the  United  Kingdom  have  been  characterized  as  high 

quality  in  terms  of  the  depth  of  review  process  and  the  type  of  evidence  necessary 

to  gain  approval  (FDA,  1975).  At  the  same  time,  the  United  Kingdom  did  not 

require  formal  proof  of  efficacy  until  Its  Kedlclno  Act  was  Implemented  in  1971; 

before  this  the  task  of  evaluating  a drug's  efficacy  was  essentially  left  to 

tbc  market  mechanism.  Furthermore,  the  U.K.  IND  procedure  was  on  a voluntary  basis 

until  1971.  Third,  the  British  system  utilizes  the  Judgment  of  external  com- 
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•Ittses  of  ecadealc  ssdleal  axparts  In  Baking  approval  daclaiooa  and 

% 

and  aaphaaizts  poit-oarkcc  aurvcillanca  of  naw  drugs  to  a such  graatar 
dagres  chan  Che  United  Staecs.  As  a result,  the  British  syacaa  has  baao 
characterized  as  lesa  adversarial  and  bureaucratic  than  the  U.S.  eyaccB 
which  relies  to  a greater  extent  on  Che  decisions  of  career  civil  servants, 
congressional  oversight  hearings,  and  the  Judicial  process.  - 

Warden's  first  coctparatlve  study  of  new  drug  Introductions  In  the 
United  States  and  United  Kingdoa  covered  nine  therapeutic  classes  for  the 
period  1962-1971.  For  this  period  he  finds  that  the  nuaber  of  new  chesiical 
entitles  Introduced  Into  the  United  Klngdoo  was  roughly  50  percent  higher 
than  the  number  Introduced  Into  the  United  States  (159  MCE's  compared  to  103 
for  Che  United  States).  Koreover,  for  the  drugs  that  were  snitua.lly  avail- 
able In  both  countrlcis  by  1971,  twice  as  aany  were  Introduced  first  In  the 
United  Kingdom  as  were  Introduced  first  In  the  United  States.  This  "drug 
lag"  was  found  to  be  Che  greatest  in  the  areas  of  cardiovascular,  diuretic, 
gastrointestinal,  and  respiratory  nedlclne.  On  the  other  hand  In  cancer 
chemotherapy,  Vardell  found  both  countries  had  comparable  availability  of 
new  therapies. 

In  a related  paper,  Vardell  attempted  to  assess  the  therapeutic  conse- 
quences of  these  different  rates  of  Introduction  through  a detailed  discus- 
sion of  the  Individual  drugs  svallsble  In  the  two  countries.  Be  concludes: 

From  the  present  study.  It  Is  elesr  that  esch  country  has 
gained  In  some  ways  and  lost  In  others.  On  balance, 
however.  It  Is  difficult  to  argue  that  the  United  States  has 
escaped  an  Inordinate  aisount  of  new-drug  toxicity  by  Its 
conservative  approach;  It  has  gslned  little  else  In  return. 

On  the  contrsry.  It  Is  relatively  easy  to  show  that  Brltlan 
has  gained  by  having  effective  drugs  available  sooner. 

Furthermore,  the  cost  of  this  policy  In  terms  of  damage 
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du«  to  «dverse  drug  roaction*  hav«  bean  aoull 
cosparad  with  tha  axlatlng  lavals  of  daaaga  produced 
by  older  drugs.  There  appear  to  ba  do  other  therapeutic 
costa  of  any  consequence  to  Brltlan,  In  view  of  the  clear 
benefits  deoonstrabla  froo  soae  of  the  drugs  Introduced 
Into  Brit Ian,  It  appears  that  the  United  States  has»  on 
balance,  lost  oore  than  It  has  gained  froo  adopting  a aore 
conservative  approach  than  did  Brltlan  In  the  post- 
tholldoaide  era. 

In  a follow  up  study  to  Warden's  original  drug  lag  study  covering  the 
period  1972-1976,  Vardell  found  coeparable  trends  In  the  aggregate  numbers  of 
exclusive  Introductions  and  comparable  lags  In  mutually  available  drugs  to 
his  earlier  analysis.  However,  he  also  noted  some  tendency  for  the  largest 
clinical  differences  to  narrow  over  time.  Be  attributed  this  convergence  In 
part  to  more  "realistic"  regulatory  standards  In  the  U.S.  In  some  (but  not 
all)  areas  and  a trend  to  more  conservative  practices  abroad. 

B.  Further  International  Cotsparatlve  Analyses 

In  a recent  paper, Crabowskl  (1980) analyzes  the  time  pattern  of  all  NCE 
Introductions  in  the  U.S.  for  the  period  1963  to  1975  relative  to  three 
European  countries — the  United  Kingdom,  Censany,  and  France.  He  finds  a 
significant  lag  has  characterized  NCE  introductions  In  the  U.S.  relative 
to  U.K.  and  Germany  In  the  post-1962  period.  This  Is  true  for  both  NCE's 
discovered  in  this  country  as  veil  as  those  discovered  abroad.  For  France, 
the  data  indicate  Chat  the  U.S.  still  generally  leads  that  country  in  the 
Introduction  of  U.S.  discovered  NCE's,  but  not  foreign  discovered  ones. 

Second,  his  analysis  also  Indicates  chat  the  lag  with  Europe  is  not  confined 
CO  drugs  with  little  or  modest  medical  gain,  but  also  Includes  drugs  ranked 
as  significant  therapeutic  advances  (as  classified  by  the  FDA  Itself).  Third, 
there  Is  evidence,  from  a regression  analysis  performed  in  the  paper,  that 
regulatory  approval  lags  have  been  an  important  factor  contributing  to  this 
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Introduction  Ins*  Finally*  th«  nnalysi*  further  indisatts  that  resulation 
haa  had  an  eapecially  strons  iapact  on  tha  Introduction  las  for  foraisn 
diacovarad  druga  over  thia  period. 

Tha  recently  released  GAO  atudy  of  the- FDA  drug  approval  process 
discussed  above  also  examined  the  availability  of  fourteen  therapeutically 
important  drugs  in  the  U.S.  and  four  other  countries  (Canada,  Morvay,  Sweden* 
Svitserland  and  the  United  Kingdom).  This  study  focuses  on  drugs  Introduced 
in  the  U.S.  between  1975  and  1978.  They  found  that  all  but  one  of  these 
fourteen  drugs  were  available  first  abroad  with  lags  ranging  from  2 months  to 
13  years  in  length.  Furthermore  they  found  the  average  FDA  approval  time  on 
these  drugs  of  23  months  was  significantly  greater  than  that  for  all  other 
countries  except  Sweden,  (with  England  and  Switzerland  having  average 
regulatory  approval  times  of  5 and  12  months  respectively). 

While  a pattern  of  lagging  U.S.  MCE  Introductions  (including  therapeutically 
ixiportant  drugs)  thus  emerges  from  a number  of  recent  studies,  a broader 
issue  is  the  effect  of  regulation  on  the  level,  rather  than  the  timing,  of 
introductions.  This  may  be  characterized  as  the  issue  of  ”drug  loss”  rather 
than  ”drug  lag”.  This  is  the  issue  addressed  by  the  earlier  econometric 
enalyais  of  Peltzman  and  Bally.  As  noted  a];ove,  however,  these  aggregate 
time  series  studies  had  substantial  difficulties  in  separating  the  effects  of 
regulation  from  other  confounding  factors  such  as  research  depletion. 

One,  of  course,  suy  view  the  drug  lag  findings  as  symptomatic  of  broader 
impacts  of  regulation  on  the  innovational  process — that  is  a scenario  of  reg- 
ulation leading  to  greater  costs,  development  times,  and  comercial  un- 
certainties for  new  drugs  and  hence  to  fewer  annual  MCE’s  being  developed 
and  introduced  each  year.  Bovever*  the  magnitude  of  these  impacts  are 
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•rguabls  and  renaln  laportant  Issuas  for  •aplrlcal  research. 

In  a study  that  ve  perfomad  Jointly  with  Lacy  Thomas,  ve  have  exaalncd 
atgresata  "R  and  D productivity"  changes  in  the  United  States  and  the  United 
Kingdom  to  gain  aoae  insights  into  the  effects  of  regulation  on  the  l^el  of 
innovation.  Our  strategy  in  this  analysis  was  to  structure  the  analysis  in 
terns  of  an  econometric  model  and  to  use  international  data  as  a aeans  of 
separating  confounding  regulatory  from  non-regulatory  factors.  Ve  found  in 
this  analysis  that  U.S.  R and  D "productivity"'— defined  as  the  number  of  nev 
chealcal  entitles  discovered  and  introduced  in  the  U.S.  per  dollar  of  R and  D 
expenditure — declined  by  about  six-fold  between  1960-61  and  1966-70.  The 
corresponding  decrease  of  R and  D productivity  in  the  U.K.  was  about  three- 
fold. On  the  basis  of  a regression  analysis  utilizing  these  and  other  datum, 
ve  concluded  that  increased  regulation  in  the  post-1962  period  has  probably 
at  a ninlsum,  doubled  the  cost  of  obtaining  an  NCE.  At  the  same  time,  non- 
regulatory  factors  (such  as  research  depletion,  scientific  advances  in 
detecting  toxicology,  changing  expectations)  also  apparently  have  significantly 
increased  costs  here  and  in  the  United  Kingdom.  However,  the  specific 
mechanisms  and  magnitudes  of  these  different  regulatory  and  non-regulatory 
factors  await  a more  extensive  and  disaggregatlve  analysis  . 

P.  Sumary  and  Implications 

The  various  empirical  studies  discussed  above  do  not  provide  definitive 
conclusions  on  the  exact  role  of  regulatory  versus  non-regulatory  factors  in 
explaining  the  lover  levels  of  drug  innovatJ.on  experienced  in  the  sixties  and 
seventies.  On  analytical  grounds,  it  is  difficult  to  separate  the  effects  of 
these  contemporary  factors,  nevertheless,  the  studies  do  provide  a number  of 
different  analytical  approachea  to  the  problem  and  a consistent  finding  is 
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that  iocreascd  regulation  one  of  the  Isportent  e3cpl«aetot7  factors  la 
this  regard. 

Trom  a policy  standpoint,  the  evidence  has  been  sufficient  Co  shift 
the  perception  of  lawmakers  quite  dramatically  comr*'*^  with  Che  slcuaclon 
la  Che  early  sixties.  At  the  time  of  the  passage  of  the  1962  aendaents, 
little  thought  or  credence  was  apparently  given  to  the  notion  that  Increased 
regulation  could  have  unintended  or  undesirable  side  effects  on  Innovation. 
However,  given  the  Industry's  experiences  of  the  past  two  decades,  and  the 
evidence  from  various  academic  studies  (especially  the  drug  lag  studies)  even 
the  proposed  regulatory  reform  laws  of  liberal  congressman  lnclu..e  at  least 
provisions  for  Improving  regulatory  performance  so  that  useful  new  drug 
therapies  can  be  obtained  by  patients  on  a Speedier  basis. 

In  Che  last  section  of  the  paper,  ve  provide  a detailed  analysis  of 
current  legislative  proposals  In  this  regard.  Befoxe  doing  so,  however,  ve 
turn  in  the  next  two  sections  to  some  more  microeconomic  oriented  studies 
on  the  returns  and  determinants  of  pharmaceutical  R and  D Investment.  Using 
a more  microeconomic  framework,  we  also  attempt  to  analyze  the  effects  and 
Interactions  of  ocher  government  policy  variables  on  firm  R and  D Investment 


behavior. 
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V.  Studies  of  Che  Returns  to  snd  Detexvlnsnts  of 
Fhsrosceutlesl  R and  0 

A.  Rate  of  Return  Studies 

Severs!  espiricsl  studies  of  the  rate  of  return  to  drug  innovation 
have  been  performed  in  recent  years. 

Cavld  Scbvarcxman's  study  of  the  rate  of  return  to  pharmaceutical 
innovation  is  the  most  extensive  published  work  on  this  topic.  For  this 
reason,  ve  shall  discuss  his  study  first.  Ve  then  turn  to  a more  recent 
contribution  by  Fred  Weston  and  John  Virts. 

1)  David  Schvartzman  1?75  Study  - 

Scbvartzman  begins  his  analysis  by  computing  the  annual  sales  revenues 
generated  by  the  new  chemical  entities  introduced  in  the  United  States  in 
the  1966-1972  period.  In  order  to  calculate  an  expected  rate  of  return  to 
discovering  and  developing  these  drugs,  he  further  estimated  (1)  the  level 
and  time  pattern  of  research  and  development  costs  incurred  to  obtain  these 
RCE's,  and  (2)  the  current  and  expected  future  profits  generated  by  these 
new  product  sales. 

Schwartxman's  estimates  on  the  average  cost  and  revenues  streams  over 
this  period  yielded  an  after-tax  rate  of  return  on  pharmaceutical  R and  D of 
only  3.3  percent.  Schvartzman' s analysis  clearly  embodies  a number  of 
important  assumptions.  Perhaps  the  weakest  link  in  his  chain  of  assumptions 
concerns  his  procedures  for  estimating  expected  profit  margins  for  new  drugs 
expected  product  lifetimes  (see  Grabovski,  1975).  However,  Schvartzman 
does  perform  a sensitivity  analysis  to  see  hov  his  rate  of  return  results 
change  with  different  assumptions  on  these  parameters.  Other  things  constant 
a 60  percent  profit  margin  (instead  of  25.6  percent)  and  a 20  year  product 
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life  (instead  of  15  years)  yields  an  aftar  tax  return  for  this  period 
studied  by  Schvartzsan  of  7.5  percent  (instead  of  3.3  percent).  This  is 
still  a very  lov  rate  of  return  for  vhat  is.  generally  considered  to  be  a 
very  risky  activity. 

Perhaps  the  most  interesting  finding  of  Schwartzaan* s 
analysis  is  not  his  absolute  extlsates  on  the  rate  of  return  to  drug  in- 
novation but  the  rate  of  change  that  he  observes  in  this  aeasure  vhen  his 
ssthodology  is  employed  backward  in  tlsie  on  data  from  an  earlier  period. 
Specifically,  Schwartzaan  found  an  after  tax  rate  of  return  of  11.4  percent 
in  1960  (compared  to  3.3  percent  in  1966-1972)  using  conservative  extiaates 
on  the  model's  parameters.  This  is  generaily  consistent  with  findings  of 
higher  returns  in  prior  acalyses  by  Bally  (i972)  and  Clymer  (1970)  for  this 
earlier  period.  In  contrast  to  Schwartzaan* s approach.  Bally  constructed  a 
tvo-equatlon  econometric  model  frem  which  he  calculated  the  rate  of  return. 
Bence  these  two  studies,  despite  the  use  of  quite  different  methodologies, 
eeem  to  be  in  general  agreement. 

Schwartzman  also  investigates  the  riskiness  of  new  drug  development. 

Be  performs  a rough  analysis  of  the  variability  in  rates  of  return  from  new 
product  introductions  over  the  period  in  question  (1962-1968).  While  a few 
drugs  apparently  earned  spectacular  rates  of  return  (for  example,  the 
tranquilizer  Vallum), some  of  the  largest  fi.*m8  did  not  have  any  new  drugs 
over  this  period  with  sales  large  enough  to  be  considered  a coemercial  auc- 
eesa.  In  general,  the  analysis  shows  a high  variability  in  the  sales  of  new 
chemical  entities:  this  would  suggest  that  a significant  "risk"  premium  Is 
appropriate  for  new  drug  development  throughout  the  post-amendment  period 
exealnod  by  Schwartzman. 
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2)  The  VMtoa-Vlrta  1979  Study 

VMton  and  Vlrts  were  cooeemed  with  the  expected  rate  of  return  for 
^lanuceutlcal  K and  D In  1976.  While  they  did  not  calculate  explicitly  a 
rata  of  return  catinate,  they  did  provide  eatiaates  of  the  preaent  value  of 
net  revenuea.  Tbeae  eatlmatea  were  then  coepared  with  the  preaent  value  of 
R and  D costa  taken  froo  the  Banaen  study  (discussed  above). 

Weston  and  Vlrts  atudied  the  sales  perfomance  of  119  MCE*  a aarketed 
over  the  period  1967-1976.  They  eatiaated  that  average  annual  sales  per  NCE 
were  $6.9  aillion.  However,  the  average  for  the  top  25  percent  of  the  119 
HCE's  was  $21.1  sdlllon  while  the  average  for  the  low  75  percent  was  only 
$2.3  Billion. 

Based  upon  a large  msnber  of  seemingly  reasonable  assumptions  about 
profit  aargins,  product  lives,  etc.,  Weston  and  Virts  transforoied  the  annual 
sales  figures  above  into  present  values  of  net  cash  flows  at  the  date  of 
marketing  approval.  They  employed  an  8 percent  interest  rate  to  permit  a 
rough  comparison  with  the  Hansen  $54  million  cost  figure.  The  present  value 
for  the  average  NCE  was  less  than  the  $54  million  cost,  or  only  $43.5  million. 
This  would  suggest  that  the  average  NCE  is  not  a commercial  success.  However, 
the  present  value  for  the  average  NCE  of  the  top  25  percent  was  $133.5  million, 
and  the  corresponding  figure  for  the  low  75  percent  was  $14.6  alllion.  These 
results  support  Schwartxaan's  finding  of  a relatively  small  number  of  highly 
profitable  "big  winners",  coupled  with  a larger  number  of  drugs  that  can  be 
taracd  coooercial  failures  (at  least  with  the  benefit  of  hindsight). 

Given  the  thrust  of  these  studies — that  the  expected  rate  of  return  on 
pharaaccutical  R and  D is  now  significantly  below  the  rate  obtainable  on 
alternative  investaents — one  would  expect  to  observe  a decline  in  real 
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resources  devoted  to  dntg  K sad  D and  a corrcspondlns  shift  of  these  resources 
elsewhere  to  sctlvltles  offering  a higher  return.  Ve  turn  to  this  Issus  in 
the  next  soctlon. 

B«  Trends  In  and  Detemlnants  of  R end  P Expenditures 

In  Table  13  ve  show  R and  D expenditures  by  the  pharmaceutical  Industry 
for  the  1965-1978  period.  The  first  column  shows  that  in  absolute  dollars, 
the  amount  of  domestic  R and  D outlays  Increased  In  every  year  over  the  period. 
However,  If  one  adjusts  the  R and  D expenditures  for  Inflation,  the  result  Is 
a growth  rate  of  around  three  percent  per  year  in  constant  dollars  over  the 
last  four  or  five  years  of  the  period.  Ve  should  note  that  the  CNF  price 
deflator  probably  understates  the  true  rate  of  price  change  In  R and  D activity, 
so  the  true  growth  rate  may  in  fact  be  zero  or  eves  negative. 

Table  13  also  presents  the  time  pattern  of  foreign  research  and  development 
expenditures  for  the  period  1965-1978.  While  it  is  not  clear  how  to  deflate 
these  outlays,  it  is  clear  from  these  data  that  slower  growth  rates  in  domestic 
R and  D have  been  offset  in  part  by  faster  ^growth  in  foreign  R and  D expendi- 
tures. The  proportion  of  total  R and  D accounted  for  by  foreign  R and  D 
roughly  doubled  from  7.5  percent  in  1965  to  16.9  percent  in  the  most  recent 
year.  This  is  consistent  with  the  greater  percentage  of  revenues  from  foreign 
markets  and  also  the  possibility  of  incurring  less  stringent  regulatory  controls 
in  early  clinical  trials  abroad.  It  may  also,  of  course,  reflect  other 
economic  factors  as  well. 

Tbs  final  column  in  Table  13  gives  the  tine  trend  in  the  ratio  of  global 
R and  D expenditures  to  sales  (l.e.,  including  both  domestic  and  foreign 
pharmaceutical  activities)  for  U.S.  firms.  This  ratio  has  been  quite  stable 
over  the  period,  ranging  between  8 and  9 percent. 
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TABUB  13 


Dooattlc  and  Fortlgn  R 6 D ExpendlCuraa  of  U.S. 
Ethical  Drut  Industry;  1961-1974* 


Doesatlc 
R and  D 
Current 
Dollars 


Doaestlc 
R and  0 
Constant 
Dollars 


Foreign 
R and  D 
Current 
Dollars 


Ratio  of 
Foreign 
R and  D 
to  Total 
R and  D 


Ratio  of 
R and  D 
to  Sales  in 
Current 
Dollars 


Tear 

(millions) 

(millions) 

(sdllions) 

(percent) 

(percent) 

1965 

304.1 

304.1 

24.5 

7.5 

8.3 

1966 

344.2 

333.3 

30.2 

8.1 

8.6 

1967 

377.9 

355.4 

34.5 

8.4 

8.7 

1968 

410.4 

369.4 

39.1 

8.7 

8.5 

1969 

464.1 

397.8 

41.7 

8.2 

8.7 

1970 

518.6 

421.9 

47.2 

8.3 

8.8 

1971 

576.5 

446.2 

52.3 

8.3 

8.6 

1972 

600.7 

446.5 

66.1 

9.9 

8.6 

1973 

643.8 

452.2 

108.7 

14.4 

8.6 

1974 

726.0 

465.1 

132.5 

15.4 

8.6 

1975 

828.6 

484.3 

144.9 

14.9 

8.4 

1976 

902.9 

501.7 

164.  i 

15.4 

8.4 

1977 

984.1 

516.5 

197.7 

16.7 

8.5 

1978 

1089.2 

532.3 

222.0 

16.9 

8.2 

*For  human-use  pharmaceutical  research  and  development.  (Veterinary-use 
pharmaceutical  R and  D is  excluded.) 

^Deflated  by  CNF  price  deflator  converted  to  1965 -base. 

Global  pharmaceutical  R and  D and  sales  of  U.S.  firms. 


SOURCE:  Pharmaceutical  Manufacturers  Association;  Faetbook  1980.  (Vashington 

D.C.:  1980). 
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Oca  other  trend  in  Indqetry  behavior  is  also  worth  noting  at  this 
point.  Specifically,  D.S.  fims  have  been  inereaaleg  their  degree  of 
participation  in  non-pharaaceutical  activitiea  in  recant  years.  This 
la  reflected  in  Weston  and  Vlrts*  analyais  of  changes  in  the  aggregate 
percentege  of  pharmaceutical  to  non-pharmaceutical  sales  for  eight  leading 
fims  over  the  period  1973-1978.  Thus  measure  declined  from  58.9  to 
55.3  percent  for  this  six  year  period.  Moreover  analysing  the  longer 
period  1962-1975,  we  found  a significantly  declining  trend  in  overall, 
corporate  R and  D to  aales  ratios  (that  is  including  pharmaceutical  and  non- 
pharmaceucical  corporate  activities).  This  trend  is  slso  consistent  with 
Increased  fira  diversification  into  leas  research  intensive  activities  such 
as  speciality  chemicals  and  cosmetics. 

In  sum,  the  larger  firms  seem  to  be  exhibiting  a mixed  strategy  in 
their  investment  behavior  in  recent  years — naintslning  their  R and  D 
activity  in  pharmaceuticals  vlth  lov  rates  of  growth  in  real  terms,  while 
devoting  somewhat  more  aunagerlal  and  financial  resources  to  non-pharmaceutlcal 
areas.  While  these  trends  may  be  viewed  as  providing  some  support  for  the 
findings  of  low  rates  of  returns  on  pharmaceutical  R and  D by  Schwartzman  and 
others,  they  are  ouch  less  than  one  might  expect  if  firms  really  expected  the 
lov  rates  of  return  observed  by  Schwartzman  to  hold  on  their  current  R and  D 
activity.  There  is  thus  an  apparent  paradox.  If  current  rates  of  return  are 
so  lov,  why  do  pharmaceutical  firms  continue  to  invest  such  substantial  sums 
of  money  in  R and  D7 

In  our  recent  study  of  the  determinants  of  R ^nd  D expenditures,  we 
stteapted  to  answer  this  question. 


Basically,  we  performed  a multiple  regression  analysis  on  a sample  of 
ten  firms  over  the  period  1962-1975.  The  dependent  variable  was  the  firm's 
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E «nd  D to  Mica  ratio.  Itic  tvo  prlaarjr  «xplanatox7  variables  were  Masuraa 
of  past  E and  D success  and  cash  flou. 

Tbc  caasure  of  past  E and  D success  was  essentially  a ■ovinf  average  of 
firm's  Introductory  sales  of  NCE's  over  a prior,  five  yMr  period  divided  by 
its  E and  0 expenditures  over  this  period.  It,  of  course,  vas  intended  to 
reflscc  the  firm's  expected  rate  of  return  from  R and  D inveataent.  The  cash 
flow  measure,  lagged  profits  plus  depreciation,  was  included  to  test  the 
hypothesis  that  firms  impute  a lover  cost  to  internal  funds,  because  of  the 
lower  transactions  costs  and  risks,  than  they  Impute  tc  external  funds.  Cash 
flow  also  seemed  especially  lapottant  for  investment  in  activity  characterixed 
by  such  great  uncertainlty  as  pharmaceutlcil  R and  D. 

Our  regression  results  Indicated  that. firms .do. react .to.loverjxealised 
returns  on  R and  D activity  in  the  expected  SLsnner,  but  the  adjustment  process 
is  s very  gradual  one  with  relatively  long  lags.  This  is  perhaps  not 
surprising  given  the  fact  that  new  product  innovation  historically  has  been  a 
central  and  quite  profitable  mode  of  competition  for  the  industry  dating  back 
to  the  pre-Vorld  II  era.  Moreover,  the  high  degree  of  uncertainty  and 
serendipity  that  characterizes  discovery  research  and  early  clinical  development 
trials  in  pharmaceuticals  Is  also  consistent  with  a cautious  response  to  lover 
realized  returns  on  past  R and  D efforts.  Future  returns  uy  be  very  different 
than  current  or  past  returns,  cxpeclally  at  the  individual  firm  level. 

In  this  regard,  it  is  worth  mentioning  once  again  that  suiny  firms  apparently 
expect  that  industry  returns  from  new  drugs  will  be  such  greater  in  the  cooing 
decades  as  a result  of  several  basic  research  "breakthroughs"  previously  dis- 
cussed in  Section  III  above.  It  is,  of  course,  expectations  about  future  rather 
than  past  returns  that  ultimately  count  in  terms  of  firm  investment  behavior. 
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It  reulns  to  ba  seen,  hovavar,  vhatbar  thaaa  basic  raaaarch  advaacaa  can 
ba  tranalatad  into  proficabla  naw  drufs  In  tba  forasaaabla  fntura. 

Our  ragrasalon  raaulta  also  indicacad  that  tha  ganaral  sTsllability  of 
intamal  funds  or  cash  flov  Is  anochar  Inportant  factor  that  Influencad  II  and 
0 bahavlor  over  this  period.  Ve  found  a statistically  significant  stable 
positive  relation  between  flm  research  intensities  and  their  lagged  cash 
flov  suirgins.  Moreover,  these  Bargins  were  relatively  high  over  nuch  of  tha 
period  under  study  as  a result  of  the  record  nuaber  of  products  introduced  in 
the  fifties.  These  products  remained  under  pate'nt  protection  and  generated 
high  cash  flows  for  the  innovating  firm  well  into  the  sixties,  and  even 
seventies,  in  many  cases. 

Bence,  ve  can  infer  from  our  analysis  that  the  relatively  high  levels 
of  ^tamal  cash  flow  over  such  of  post-19(>2  period  operated  to  noderate 
what  would  otherwise  have  been  a acre  dramatic  decline  in  R and  D investment 
patterns. 

In  sum,  our  regression  analysis  indicates  that  both  expected  returns 
and  cash  flov  are  two  major  economic  factors  influencing  firm  willingness 
and  ability  to  invest  in  R and  D outlays  for  new  drug  products.  From  a 
policy  standpoint,  these  results  therefore  indicate  that  R and  D expenditures 
will  be  sensitive  to  the  spectrum  of  government  policies  that  Impact  on 
these  variables.  The  remainder  of  the  paper  is  concerned  with  an  analysis  of 
various  policy  impacts  in  this  regard. 
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▼I.  Cov«rnnent*«  lapaef  on  Innovtloo 
Many  different  govemaenc  levs  and  regulation*  affoet  the  procasa  of 
phanaceutical  innovation.  Sooe  ragulationa  directly  affect  innovationi  e.g.» 
FOA'a  ragulationa  concerning  aafety  and  afficacy  taating  increase  the  coats  of 
developing  new  drug  conpounds.  On  the  other  hand,  aoae  lava  are  lass  direct  in 
their  ieg)sct.  k good  cxenplc  is  the  currant  novesent  to  repeal  state  anti- 
substitution  laws. 

State  anti-substitution  lavs  prohibit  pharmacists  from  substituting 
generic  products  for  brand  name  products  prescribed  by  physicians.  Repeal  of 
these  lavs  should  .lead  to  increased  coopetition  for  the  innovator's  drug  by 
iadtative  drug  products,  thereby  reducing  expected  returns,  to  innovation, 

Inportant  interdependence  can  exist  among  the  various  lavs  and  regulations. 
For  axcapla,  the  effects  of  the  new  substitution  lavs  on  innovation  incentives 
mist  be  considered  id  light  of  government  patent  or  regulatory  policies.  Since 
substitution  lavs  alter  the  expected  revenues  of  a new  drug  only  after  the 
patent  expires  and  alternative  suppliers  enter  the  market,  their  impact  on  in- 
novations! returns  depends  on  the  patent  protection.  The  affective  patent  life 
for  new  pharsuceuticals  is  typically  much  shorter  than  the  legal  life  of  17 
years  due  to  the  long  gestation  period  that  is  required  to  develop  and  gain 
regulatory  approval  for  a nev  drug  entity.  Bence,  drug  substitution,  patent  and 
regulatory  policies  have  potentially  significant  interactive  effects  on  the 
incentives  for  drug  innovation  investwnt. 

From  a noraatlvc  or  policy  perspective,  these  public  policies  are  also  obvi- 
ously interrelatod.  If  changes  in  drug  substitution  lavs  were  seen  as  leading 
suboptimnl  incentives  for  drug  Itinovation,  policymakers  have  the  option  of 
adjusting  patent  life  to  increase  incentives.  It  tiould  not  be  necessary  to  main- 


eiin  aubatltuClon  nstrlcClooa  oa  all  phanacautlcala  la  ordar  to  Balntiln 
Bofflclenc  Ineantives  with  raspact  to  drug  innovation.  Thia  lattar  objaetiva 
could  ba  accoBplished  by  changing  tha  patent  life  on  new  dniga.  Tbia  point  la 
developed  in  wra  detail  later. 

The  objective  in  this  eection  ia  to  provide  a cooprahraaiva  diacusaion  of 
bov  goveroaienC  lava  and  regulationa  affect  the  expected  return  to  E and  D 
inveaCBont.  Ideally  ve  would  alao  provide  an  aaaeaaacnt  of  the  relative 
inportance  of  theae  varloua  lavs  and  regulationa  in  atlnulating  or  retarding 
innovation.  Unfortunately,  adequate  evidence  does  not  exist  for  such  an  assess- 
•ent.  in  many  cases.  This  ia  necessarily  the  case  for  policies,  such  as  the  new 
substitution  laws,  vhich  are  Just  nov  becoming  operational.  Bence,  our  assess- 
eents  in  such  cases  vill  necessarily  be  somewhat  spectilative. 

It  vill  be  useful  to  organize  our  discussion  around  the  standard  investment 
model  of  the  firm. 

Suppose  an  NCE  Is  expected  to  be  introduced  in  year  t.  It  vill  Involve  R 
emd  D costs  over  m years  and  cam  positive  profits  for  n years  after  introduction. 


p of  which  are  subject  to  patent  protection.  Then  the  rate  of  return,  r,  for  this 

ing 
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particular  product  introduction  is  found  by  solving  the  equation: 

■ 1 P P * 
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where 


t-l»  *^t-2’ 


C. arc  E and  D costs  and  other  investient  expenditures: 


Et  . . . E^^  - net  income  stream  before  patent  expiration; 

*C+p+l  • • • *t-n  " income  atream  after  patent  expiration. 

This  expected  rate  of  return  abstracts  from  potential  differcnceo  in  risk  as- 


sociated with  specific  development  projects.  The  expected  return  f.-on  each 
project  would  have  to  be  adjusted  for  such  risk  differentials  across  projects 
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(unlu«  the  fin  is  risk  neutrel).  The  fin's  decision  to  lavest  in  • 
psrtleulsr  devclopcaent  project  would  depend  on  whether  its  adjusted  rate  of 
return  exceeds  or  falls  below  the  fin's  capital  cost*  trfaich  raflacts  the 
opportunity  cost  of  alternative  investaeots  for  the  fin  and  its  share* 
holders. 

The  fin  is  assuaed  to  stake  such  calculations  for  all  possible  new  drut 
developaent  opportunities.  It  then  uses  this  Infonation  to  construct  a 
Bsrginal  rate  of  return  (KRR)  schedule  by  arranging  projects  in  order  of 
decreasing  rates  of  return.  The  intersection  of  KRR  and  the  Bsrginal  cost 
of  capital  schedule  (MCC),  which  reflects  the  opportunity  cost  of  alternative 
investaents  for  the  fin  and  its  shareholders,  detenines  the  optinal  level 
of  R and  D investoent,  R*.  This  is  shown  graphically  in  Figure  3. 

Ve  now  begin  an  analysis  of  how  various  governsent  policies  can  be 
expected  to  affect  R and  D investssent  decisions. 

A.  Funding  of  Basic  Btonedlcal  Research 

In  Section  III  the  large  expenditures  on  basic  biooedical  research  nade 
by  the  Federal  Covemoent  were  shown.  Ve  concluded  that  while  it  is  lapos- 
sible  to  quantify  precisely  the  inpact  of  advances  in  basic  science  on 
pharaaccutical  innovation,  the  impact  is  undoubtedly  of  great  importance. 

In  terms  of  Figure  1,  it  is  useful  to  view  such  advances  aS  shifting  the 
the  KRR  schedule  rightward  as  new  opportunities  for  drug  development  are  made 
possible. 

Given  the  lengthy  discussion  in  Section  111  of  the  role  of  government 
eupported  basic  research  in  drug  discovery  and  developaent,  v shall  not 
discuss  it  further  here.  It  adghc  be  recalled,  however,  that  many  experts 
believe  that  a revolution  is  now  taking  place  in  molecular  biology  and  this 
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misht  aaka  the  sociel  peyoff  to  funding  of  baaic  rcaaarch  aapccially  high 
at  thla  tloe. 
g.  FDA  Regulation 

FDA  regulation  affecta  both  aides  of  the  present-value  equation 
presented  above.  Earlier  ve  gave  a brief  description  of  Hansen's  cstlaates 
of  R and  D costs,  l.e.,  the  left-hand  side  of  the  equation.  7DA  regulations 
exert  lisporcant  effects  on  these  costs,  c.g.,  by  specifying  the  ninber  of 
teats  and  the  aiaount  of  evidence  on  safety  and  efficacy  that  must  be  accu&ulated . 
And,  as  described  above,  the  2-3  year  period  of  FDA  revlev  of  the  HDA  adds  sig- 
nificantly to  the  cost.  (Earlier  ve  referred  to  our  1978  study  which  concluded 
that  the  Increased  FDA  regulation  resulting  from  the  1962  amendments  more  than 
doubled  R and  D costs.) 

FDA  regulations  also  exert  effects  on  the  expected  revenues  from  an  NCE. 

There  are  several  possibilities  here,  some  of  which  have  opposite  Implications 
for  expected  revenues. 

Regulatory  controls  will  reduce  the  probability  of  ccmmerciallzatlon  for 

% 

cany  compounds  and  lover  expected  revenues.  One  of  the  primary  benefits  of 
regulation  Is  the  extent  that  the  regulatory  agency  screens  out  and  deters  drug 
entitles  that  present  risks  that  the  majority  of  consumers  would  not  knowingly 
and  willingly  undertake.  Evaluating  whether  the  FDA  has  been  too  conservative 
In  Its  rlsk/beneflt  decisions  Is  one  of  the  most  difficult  and  controversial 
areas  of  regulatory  analyses. 

There  are  also  several  ways  that  regulation  can  operate  to  Increase  the  ex- 
pected revenues  of  drugs  approved  for  sMrketlng  by  the  FDA.  ' First,  regulations 
serve  a certification  function.  Stringent  regulatory  processes  provide  physicians 
and  patients  with  confidence  In  a new  drug's  safety  and  efficacy,  thereby 
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facilitating  rapid  market  dlffualon  and  penetration  for  nafw  druga.  Second, 
druga  that  are  approved  In  a atrlngent  regulatory  regime  face  leaa  actual'- 
and  potential  competition  than  in  an  unregulated  market.  Ihla  la  true  for 
two  baalc  reaaona.  Flrat,  many  marginal  drugs  vUl  be  undeveloped,  given 
the  greater  costs  of  developing  drugs  under  regulation.  Second,  the  minimum 
scale  at  ^Ich  R and  D can  be  profitably  undertaken  will  tend  to  Increase 
under  regulation,  lovering  the  nuabcr  of  firms  engaged  In  pharmaceutical  In- 
novation. 

Regulation  also  affects  the  effective  patent  life,  p,  for  a new  drug 
entity.  Since  the  average  time  to  develop  an  MCE  and  gain  regulatory  approval 
nov  far  exceeds  the  tine  necessary  to  obtain  a patent,  regulatory-derived 
Increases  in  development  or  approval  times  will  operate  to  lover  the  effective 
life  of  a drug  patent.  While  the  length  of  patent  protection  has  been  of  sec- 
ondary Import  historically  In  the  drug  Industry,  this  situation  could  change 
dramatically  ./1th  the  repeal  of  antisubstitution  lavs. 

Bov  do  these  regulatory  effects  balance  out  and  what  is  their  net  impact 
on  the  rate  of  return  to  innovation?  Of  course,  there  Is  no  definitive  ansver 
to  this  question,  but  the  evidence  surveyed  earlier  suggests  that  increased 
regulation  has  been  at  least  one  important  factor  underlying  the  declining 
trend  In  average  innovation  returns.  We  should  emphasize  that  these  studies 
all  dealt  vlth  past  time  periods;  the  likely  Impact  of  FDA  regulation  In  the 
future  Is  less  certain  given  various  proposed  legislative  reforms  currently 
under  active  consideration. 

C.  Substitution  Lavs 

An  noted  earlier,  the  repeal  of  antisubstitution  lavs  might  result  In 
increasing  the  lisportance  of  the  length  of  patent  protection.  To  see  hov  this 
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■isht  cone  about , soae  backfrouad  on  tha  antisubatltutioa  lava  ahould  be  osa-> 
ful. 

Aaaa  lava  vera  anacced  in  the  early  1950*  a in  reaponae  to  the  drug 
"counterfeiting"  problea,  l.e.,  the  diapeoalng  by  pharsaclata  of  druga  alallar 
In  alze,  color,  and  packaging  to  popular  brand  naae  producta,  but  of  uziknovn 
quality  or  origin.  Antlsubatitutlon  lava  vert  adopted  by  all  fifty  atatea  and 
generally  prohibited  any  fora  of  aubatitutlon  for  the  brand  vrltten  on  the 
preacriptlon. 

The  lava  aade  It  poaalble  for  Innovating  firaa,  through  atrong  brand 
loyalties,  to  aalntaln  dominant  market  positions  for  their  products  even  after 
patent  expiration.  Bence,  even  though  lover,  cost  generic  products  becaae 
available  upon  patent  expiration.  In  suiny  cases  physicians  have  continued  to 
prescribe  the  original  brand  name  product. 

A aajor  structural  change  taking  place  In  the  pharmaceutical  Industry  to> 
day  Is  the  repeal  of  state  antisubstitution  lavs.  Over  forty  states  have 
passed  product  selection,  or  drug  substitution,  lavs.  While  the  atate-enacted 
lavs  have  significant  differences,  essentially  all  enable  pharmacists  to  sub~ 
stltute  generic  products  (soae  mandate  substitution)  unless  a physician  prevents 
substitution  by  checking  a preprinted  box  or  vrltlng  "dispense  as  vritten"  (DAW) 
on  the  prescription  form. 

If  substitution  lavs  foster  increased  competition  for  the  innovator's 
product,  then  the  degree  of  patent  protection  assumes  a critical  role  In  the 
appropriability  of  drug  returns.  A shorter  effective  patent  life  shifts  the 
Ispect  of  drug  substitution  forvard  in  time,  amplifying  the  impact  of  revenue 
losees  on  the  expectmd  return  to  Innovation,  r.  In  equation  1.  Table  14  shows 
the  effcetlva  patent  life  for  pharmaceuticals  has  been  declining  and  Is  currently 
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TASLE  14 

Avarts*  Effe.Clve  Patent  Life  for  Kev  Cheaical  Entities  Introduced 
into  Che  United  States  froa  1966-1977 

Average  Effective 
Patent  Life 


Tear 

(years 

1966 

13.8 

1967 

14.1 

1968 

13.1 

1969 

.U.9 

1970 

i.  .0 

1971 

13.0 

1972 

13.0 

1973 

12.0 

1974 

12.4 

1975 

10.5 

1976 

11.4 

1977 

8.9 

NOTE:  Effective  patent  life  refers  to  the  length  of  time  from  the  date  of 

PDA  approval  until  the  date  of  patent  expiration. 


SOURCE;  University  of  Rochester,  Center  for  the  Study  of  Drug  Developnent 
Department  of  Pharmacology  and  Toxicology  (unpublished  report,  1979). 
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In  the  reose  of  nine  to  twelve  yeera. 

In  n 1979  study  ve  perforsed  s sensitivity  analysis  of  the  rate  of 
return  to  changes  in  the  effective  patent  life  and  the  degree  of  substitution. 

As  a bcnchaark  for  our  analysis  ve  used  Schwartxpan' a rate  of  return  study 
described. above.  In  particular,  for  a certain  set  of  assusptions  (20  year 
product  life  with  effective  patent  protection  throughout,  20  percent  gross 
profit  aargln,  etc.),  Schwartzman  estimated  n 7.5  percent  rate  of  return  to 
R and  D. 

In  order  to  study  the  sensitivity  of  this  7.5  percent  return  to  changes 
in  the  effective  patent  life  and  tie  impact  of  substitution  on  net  revenues, 
ve  imposed  selected  values  of  these  parameter  on  Schwartzman* s data  and  re- 
calculated the  rates  of  return.  One  ease  was  an  effective  patent  life  of  10 
years  and  a 50  percent  reduction  in  net  revenues  after  patent  expiration.  In 
terms  of  present-value  equation  (1),  p was  set  equal  to  10,  and  all  the  R*s 
in  the  second  summation  term  on  the  right  band  side  were  reduced  by  50  percent. 
The  rate  of  return  for  this  case  was  only  7.1  percent  as  compared  with  the 
benchmark  of  7.5  percent.  The  results  for  all  cases  are  given  in  Table  15  . 

As  one  would  expect, the  calculated  rates  of  return  in  Table  15  are  lover 
for  shorter  effective  patent  lives  and  for  greater  percentage  reductions  due 
to  substitution.  Under  the  most  unfavorable  conditions  for  R and  D activity 
considered  here — a 10-year  patent  life  and  a 50  percent  reduction  in  net  Income — 
Che  rate  of  return  is  reduced  t^  5.6  percent,  or  by  about  25  percent  from  the 
7.5  percent  bcnchzurk.  On  the  other  hand,  when  a 30  percent  net  Income  reduc- 
tion and  a 12-year  patent  life  are  assumed,  the  return  rate  is  6.7  percent,  or 
roughly  a 10  percent  reduction  due  to  substitution.  These  estimated  effects  are 
not  negligible  and,  other  things  constant,  nay  be  expected  to  nake  some  R and  D 
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projects  no  longer  atcraettyc  to  pharosccutlcal  ■snufacturers. 

The  results  in  Table  IS  underscore  the  fact  that  the  effects  of  aubitltutlon 
on  E and  D returns  are  highly  sensitive  to  the  length  of  patent  protection.  If 
the  patent  life  for  drugs  actually  equalled  the  legal  life  of  seventeen  years* 
the  effects  of  Increased  substitution  on  R and  D returns  would  be  quite  sodest 
For  example,  with  a seventeen  year  life,  a 50  percent  reduction  In  net  income  fror 
substitution  causes  R and  D returns  to  decrease  from  7.5  to  7.1  percent  In  the 
present  example.  On  the  other  hand,  as  patent  lives  decrease,  the  effects  of  dru^ 
substitution  are  magnified. 

The  results  In  Table  15  are  preliminary  in  character.  The  analysis  is  based 
on  aggregative  data  sources  and  contains  tKe  simplifying  assuieptions  discussed 
above.  Ve  plan  to  refine  and  expand  the  analytical  framework  and  data  for  inves- 
tigating this  question  in  future  work.  Nevertheless,  results  suggest  that  the 
effects  of  substitution  lavs  on  innovation  incentives  are  consequential  in  nature 
and  are  highly  sensitive  to  the  longevity  of  patent  lives  over  the  ranges  consldei 
(i.e.,  10  to  17  years). 

D.  Other  Laws  and  Regulations 

To  conclude  this  analysis  of  the  effects  of  various  govamaent  policies  on 
the  Incentives  to  undertake  R and  D,  ve  briefly  discuss  Che  Maximum  Allowable 
Cost  (MAC)  program  and  the  Federal  income  tax  code. 

The  MAC  program  is  somewhat  similar  to  the  nev  substitution  lavs  In  the 
way  it  affects  the  expected  rate  of  return  to  pharmaceutical  innovation.  Spe- 
cifically, MAC  is  a program  designed  to  limit  Federal  Government  third-party  re- 
imburseoenC,  primarily  under  Medicaid,  for  prescription  drugs.  It  limits  re- 
imbursement to  Che  lowest  price  at  which  a particular  multisource  drug  Is  general 


n 


TABLE  15  • 

S«nsltlvlty  Analysis  Shovlnr 

laternal  Rates  of  Return  for  Alternative  Assuaptlons  About  the 
lapact  of  Substitution  and  the  Effective  Patent  Life 


Percentage  Reduction 
in  Het  Incooe 
upon  Patent  Expiration 


Effective  Patent  Life 

10  Years  12  Tears  17  Tears 


-10 

7.1 

7.2 

7.4 

(-5.3) 

(-4.0) 

(-1.3) 

-30 

6.4 

6.7 

7.2 

(-14.7)  ^ 

(-10.7) 

(-4.0) 

-50 

5.6 

6.1 

7.1 

(-25.3) 

(-is'.  7) 

(-5.3) 

NOTES:  The  standard  against  which  the  above  rates  should  be  compared  is  a 7.5  percen 

return.  This  Is  the  rate  of  return  for  the  data  representing  baseline  conditions. 

(2)  It  Is  assumed  that  at  the  end  of  the  patent  life  substitution  will 
result  In  the  alternative  reductions  in  Income  given  above  for  the  remaining 
years  of  the  20-year  commercial  life. 

(3)  The  percentage  reductions  were  applied  to  total  net  Income  even  though 
foreign  Income  should  not  be  affedted  by  substitution.  Hence,  the  Implied 
domestic  percentages  are  somewhat  larger  than  those  above. 

(4)  The  numbers  In  parentheses  are  the  percentage  reductions  for  each  race 
of  return  from  the  standard  7.5  percent  return. 


SOURCE:  Henry  Crabowskl  and  John  Vernon.  ''Substitution  Laws  and  Innovation  in 

the  Pharmaceutical  Industry"  In  Issue  on  Regulation  and  Innovation,  Law  and 
Contemporary  Problems,  Winter  and  Spring  1979. 
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oTsllablo.  Sloe*  HAC  it  only  oppllcabl*  to  Bultioourco  drufo,  it  !•  •lallar 
to  the  oubotltutlon  Iowd  In  octlns  to  rtduc*  an  innovator**  nat  rcvaouas 
aftac  patant  axplrutlon.  On  tha  othar  hand,  KAC  only  appliaa  to  dtus  purcKaaaa 
vblch  qualify  for  govemaent  relaburaaaant.  Hadlcaid  prascriptions,  for 
azin^lo,  account  for  only  about  15  parcant  of  all  praacrlptions. 

Since  the  first  Baxlaua  cost  lladt  for  a drug  product  vas  set  for 
aopicillin  in  1977,  it  is  clear  that  this  progrsa  ia  just  getting  started. 

Hence,  it  is  too  early  to  assess  tha  overall  iapact  of  KAC  on  innovation 
incentives. 

Tha  U.S.  Internal  Revenue  Code  has  been  designed  by  Congress  to  assist 
U.S.  possessions  in  obtaining  eoploynent-producing  investaents  by  U.S. 
corporations.  Through  Section  936,  so-called  "possessions  corporations"  can 
be  exeapt  from  Federal  tax  on  income  froa  operations  in  Puerto  Rico,  American 
Sffiaoa,  Cusa,  and  the  Panama  Canal  Zone.  As  a result,  aany  phanaaceutical  firms 
have  set  up  operations  in  Puerto  Rico  and  thereby  obtained  large  tax  savings. 

The  tax  savings  are,  in  fact,  quits  substantial  and  are  concentrated 
especially  in  the  pharmaceutical  Industry.  For  exaapls,  the  Treasury  Depart- 
Kfiot  has  estimated  that  in  1977  45  percent  of  all  tax  savings  to  U.S. 
corporations  accrued  to  the  pharmaceutical  industry.  It  also  reported  that 
16  drug  firms  had  a total  of  $344  Billion  in  tax  savings  in  1977  under  Section 
936.  This  sum  represents  about  10  percent  of  tha  pre-tax  incoae  for  these 
firms. 

The  sizeable  tax  savings  from  Puerto  Rican  operacioos  add  sigulflcantly 
to  industry  cash  flovs.  Given  the  isportance  of  cash  flovs  as  a determinant 
of  R and  D expenditures  as  noted  earlier,  a change  in  tax  policy  to  reduce 
this  tax  advantage  could  have  a significant  negative  effect  on  R and  D incentives. 
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Just  ouch  a ehansc  la  poaalbla  if  the  HtS  aucecaafully  arguaa  la  a eurreat 
court  ease  that  Lilly  haa  allocated  ascaaaiva  proflta  to  ita  Vuarto  Rican 
cubeidiary.  A ruling  favoring  the  IRS  could  posaibly  ba  applied  to  the  other 
^taacautical  finu. 

To  aucaarisa  briefly,  ve  have  examined  hov  aix  govamment  lava  and 
regulations  affect  the  expected  rate  of  return  to  pharmaceutical  innovation. 
These  six  policies  are  funding  basic  bioacdical  research,  TDA  regtilstion, 
patent  policy,  state  substitution  levs,  the  MAC  program,  and  the  corporate 
income  tax.  A key  point  that  has  been  made  throughout  the  discussion  is  the 
interdependence  of  these  policies  and  the  need  to  consider  policy  changes  in 
light  of  that  interdependence. 

It  is  clear  that  public  policies  have  had  both  significant  positive  and 
negative  incentive  effects  on  innovation.  Historically,  it  appears  that  the 
—tn  positive  effects  have  been  derived  from  government  funding  of  biomedical 
research  vhile  the  suln  negative  effects  have  been  associated  vich  health  and 
safety  regulations.  Other  public  policies,  currently  in  an  evolutionary  state, 
such  as  MAC  and  state  substitution  lavs,  could  also  have  significant  negative 
impacts  on  the  economic  returns  to  innovation,  over  future  periods.  This  will 
be  ao  if  the  effective  patent  lives  for  new  drugs  continues  to  trend  downward 
over  time  and  these  evolving  new  laws  and  regulations  cause  a dramatic  Increase 
in  generic  drug  ussge  after  patents  erplre.  These  negative  incentive  impacts 
could  be  offset  by  various  cotspensatory  policy  actions.  These  are  discussed  in 
our  final  section  on  current  policy  initiatives. 
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VII.  Currant  Fublie  fcllcy  Initl«ttvc« 

Over  the  pest  tvo  year*  proposed  lesisletive  chansee  for  the 
pharnaceutlcal  Industry  have  focused  on  rsfores  of  ths  drug  reg- 
ulatory process  and  also  on  changes  in  Che  effective  patent  pro- 
tection for  Che  Industry.  Each  of  these  subjects  Is  consldersd 
In  this  final  section  of  Che  paper. 

A.  leRulatory  Reforn  Proposals 

In  197S.  the  Carter  Adnlnlstratlon  Introduced  parallel  bills 
Into  Che  House  of  Representatives  and  Senate  with  several  co-sponsors 
that  would  have  comprehensively  overhauled  all  stages  of  the  drug 
regulatory  process.  This  legislation  came  Co  be  known  as  the  Drug  Reg- 
ulatory Reform  Act  of  1978.  In  addition,  bills  with  slnllar  (but 
ncc  Identical  provisions)  were  Introduced  Into  the  Senate  by  Senator 
Kennedy  and  the  House  of  Representatives  by  Congressman  Rogers. 

These  regulatory  reform  measures  were  Introduced  during  a period 
of  changing  attitudes  toward  drug  regulation  and  attempt  to  balance 
a number  of  somewhat  conflicting  objectives.  Among  Che  apparent  ob- 
jectives of  the  bills  were  - 1)  to  spaed  up  the  approval  of  srgnifl- 
cant  new  drug  therapies;  li)  to  locreaae  Che  degree  of  public  parti- 
cipation In  the  drug  approval  process  and  make  It  more  open  to  outside 
ocrutiny:  ill)  to  facilitate  the  entry  of  generic  producers  Into  Che 
earkeC  after  patent  expiration  by  removing  duplicative  testing  re- 
quireosnes;  Iv)  to  expand  7DA  regulatory  controls  over  the  post- 
aarksClng  period.  For  example,  the  FDA  could  require  extensive  post- 
marketing  surveillance  tests,  order  selective  distribution  of  certain 
type  drugs,  cod  also  would  have  easier  recall  procedures  when  new 
Information  on  drug  hazards  become  available. 
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ka  OBO  aishc  aspBCt,  bobs  of  tbo  iBtarosttd  parciea  hera  - 
tbe  drug  aaouf acturara , coasuear  advocataa,  practlciag  pbyaiciaoa, 
pharaaclote,  and  tbe  aeadaaic  aadlcal  coBsuBity  - aara  ceaplataly 
aaclofled  vith  all  acctloBS  of  tbeaa  propoaed  drug  regulatory  rafora 
billa  aod  they  worked  vlgoroualy  to  aaand  cartalo  proviaioBa.  Xb 
Bepteaber  1979,  after  cxtenalve  bearioga,  tba  Senate  paaaad  an  aaended 
drug  regulatory  refora  act  that  contained  aoae  iaportant  coaproalae 
faaturaa  and  omitted  eoae  of  tbe  aora  controveralal  provislona  of  * 
tbe  original  bill.  However,  Repreaentativc  Rogere  retired  froa  tbe 
House  of  Representatives  in  January  1979  and  his  subcoBaittee  chsir- 
aanship  passed  pn  to  Representative  Uazaan.  No  further  action  on  drug 
regulatory  refora  was  then  taken  on  the  House  side  during  the 
intervening  period. 

At  the  current  tine,  there  is  virtually  no  prospect  that  a drug 
rafora  act  will  be  enacted  before  the  new  97th  Congress  is  installed 
in  January  1981.  Hever thelesa , there  obviously  are  likely  to  be 
drug  regulatory  refora  acts  considered  in  future  legislative  sessions 
and  they  will  revolve  around  aany  of  the  same  issues  that  have  been 
presented  in  recently  proposed  legislation.  Given  this  to  be  the 
case,  ve  now  examine  the  proposed  regulatory  refora  aeasures  froa  the 
particular  perspective  of  their  likely  effects  on  the  drug 
process . 

1.  Proposed  Changes  to  Speed  up  New  Drug  Introductions 

The  aost  iaportant  proposed  change  for  speeding  up  new  drug  intro- 
ductions was  the  so-called  "breakthrough  drug"  provision.  This  would 
perait  the  conditional  release  of  certain  iaportant  new  drug  therapies 
la  particular,  the  atandard  of  evidence  for  breakthrough  drugs  would 
be  relaxed  froa  "substantial"  to  "significant"  to  allow  patients  ac- 
cess to  these  drugo  while  final  testing  is  being  coaplcted. 
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As  dlscuBssd  In  SsetloB  ZV,  s nuabsr  of  snslysss  Indicstt  that 
the  1962  Ancodoeots  raquireoaot  that  af faetlTeneas  be  danonetratad 
by  substantial  evidence,  consisting  of  adaquata  and  vail  controlled 
Invaatlgatlona,  and  the  way  this  raqulrcnant  has  bean  Inplaacnted  by 
the  FDA,  baa  been  a aajor  factor  producing  the  "drug  lag"  and  related 
phenoaena  considered  above.  In  particular,  the  FDA  haa  chosen  to 
delay  approval  until  the  "pivotal"  studies  of  efficacy  have  been  per- 
foraed  even  in  the  ease  of  drugs  which  offer  strong  therapeutic  ad- 
vances over  existing  drugs  and  for  which  there  appears  to  be  no 
reasctiable  scientific  doubt  about  efficacy.  The  provisional  approval 
section  of  the  bill  Is  addressed  to  this  problea  In  that  it  would  pro- 
vide for  provisional  release  of  breakthrough  drugs  for  use  in  life 
threatening  or  severely  debilitating  or  disabling  situations  by  substi- 
tuting the  criteria  of  "significant  evidence"  for  such  drugs  for  the 
"subfltantlal  evidence"  concept  that  now  applies.  Depending  on  how 
this  provision  would  he  administered  by  the  FDA,  It  could  be  an  important  step  In 
speeding  the  availability  of  Important  new  therapies. 

It  should  be  kept  In  nlnd,  however,  this  provision  would  apply  to 
only  a very  small  fraction  of  new  therapies.  It  also  should  be  empha- 
sized that  scientific  advances  In  the  drug  areas,  as  in  other  fields, 
are  often  Incremental  In  character,  and  frequently  cumulate  only  grad- 
ually over  time  to  major  gains  In  social  welfare.  This  has  been  the 
case  historically  for  example,  in  antl-hyper tensive  therapy  and  com- 
bination chaaotherapy  for  cancer.  Furtheraore,  the  "breakthrough" 
statue  of  a new  drug  soaetlaes  becoaea  apparent  only  after  a drug  Is 
in  general  use  and  often  for  a different  .purpose  than  originally  In- 
tended. The  recently  discovered  properties. of  the  drug  Anturane  in 
reducing  second  heart  attacks  aptly  demonstrates  this  phenoaenon. 
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It  ohould  also  b«  noted  in  thls'resard  that  the  FUA  bao  already 
begun  Inplenentlng  a progxaa  of  "faat-tracklng"  certain  druga  la 
tba  allocation  of  Ita  reaourcea  during  both  the  IFO  and  BDA  phaaea. 

In  particular,  all  ZHD'a  are  nov  claaalflad  at  a fairly  early  ataga 
In  the  developneot  proceaa  Into  three  basic  categorlaa  - drugs 
likely  to  be  A)  an  inportant  advance  B)  a nodast  advance  C)  little 
or  no  advance.  The  intention  is  to  give  priority  trestaent  in  accordance  with 
how  a drug  ia  placed  under  this  classification  scheae.  While  this 
approach  nay  get  sone  inportant  therapies  into  public  hands  sooner,  it 
is  also  potentially  a double  edged  sword.  In  particular,  if  the 
FDA's  judgeoent  on  a new  drug's  therapeutic  value  is  in  error,  it 
■ay  delay  rather  than  speed  up  the  tine  for  a drug  to  clear  regulatory 
hurdles  (i.e.,  by  puttings  an  inportant  drug  on  a slower  track).  This 
is  an  area  where  further  research  on  FDA  perfornance  seens  desirable. 

Another  drug  innovation  related  aspect  of  the  regulatory  refora 
bills  vould  atteapt  to  give  core  flexibility  and  discretion  to  firms  in 
adninistering  early  clinical  trials.  In  particular,  the  Administra- 
tion's Blll.(would  restrict  FDA  supervision  in  initial  clinical 
{r^als  to  considerations  of  patient  protection  from  risk  and  not 
questions  of  research  design  or  scientific  aethodclogy.  The  FDA 
vould  become  Involved  with  the  aerits  of  the  research  approach  only 
if  an  when  large  scale  clinical  trials  arc  required.  The  Amended 
Senate  hill  vould  go  even  further  in  this  regard.  Specifically,  the 
FDA  vould  issue  general  regulations  and  vould  then  authorise  certain 
delegated  health  institutions  (such  as  research  hospitals)  to  approve 
end  supervise  the  initial  clinical  investigations  in  man.  The  FDA 
vould  retain  authority,  however,  to  revoke  any  drug  investigations 
issued  by  these  delegated  health  organisations. 
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This  dectntrallsatlon  of  ragolatory  authority  orar  aarly 
cllolcal  trlala,  along  with  the  braafcthrough  drug  provlalost  ara 

ganarally  ragardad  by  congraaalonal  a^enaora  of  tha  drug  rafora 

0 

aaaauraa  aa  tha  aoat  laportant  propoaad  atapa  for  apaadlng  up  tha 
Introduction  of  approvabla  now  druga. 

2.  Provialoni  to  Make  -prug  Approval  More  Ooea  to  fubUr  1»«rHripiif<nn 
All  tha  ragulatory  rafora  bllla  contalnad  sactiona  that  would 
treat  the  evidence  on  aafaty  and  efficacy  data  filed  by  firae  in 
a new  drug  application  aa  public  Inforaatlon.  All  data  would  be 
relaaaed  prior  to  public  hearinga  on  new  drug  application.  Thla 
would  be  a aajor  departure  froa  currant  practice  which  glvaa  thla 
inforaatlon  trade  aecreta  atatua.  The  FDA  currently  releaaea  only 
a aclantlflc  aumaary  of  thla  inforaatlon  after  tha  HDA  haa  been 
Approved.  The  bllla  would  alaq.  provide  for  funding  of  public 
participation  In  both  adalnlatrative  and  court  procaedlnga. 

The  public,  releaae  of  aclantlflc  data  on  aafety  and  efficacy 
ia  the  aoat  controveraial  aapect  of  ra'tent  drug  regulatory  refora 
aeaaurea.  It  waa  vlgoroualy  aupportad  by  both  conauaer  groupa  and 
the  FDA  and  atrongly  oppoaed  by  aeabera  of  the  Induatry. 

Advocatca  of  data  dlecloaure  argued  chat  greater  openneaa  would 
allow  Bora  acruclny  of  new  drug  approvala  by  academic  azperta, 
greater  public  underacandlng  of  the  iaauca  Involved,  and  provide 
greater  credibility  for  FDA  declalonaaking.  Opponents  of  this 
aeaaura  argued  that  it  could  be  a aajor  dlalncentlva  to  innovation. 
In  particular,  they  argued  that  the  releaae  of  all  clinical  data 
prior  to  approval  could  provide  competitive  flraa  with  econoalcally 
valuable  inforaatlon  that  would  allow  them  to  aarket  generic  and 
ialcatlve  drug  products  aore  quickly.  * Thla  ia  especially  the  case 
In  foreign  aarkets  where  patent  protection  la  Halted  or  does  not 
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exist  end  vhero  the  evallebilltj  of  the  ellaelal  data  night  allow 
flrna  to  gale  faster  raglatratlon  with  regulatory  authorities. 

A study  perforned  by  the  Ecosonle  Analysis  Croup  of  the  7DA 
(1978)  attenpted  to  Identify  which  foreign  nerkets  have  a conblnatlon 
of  both  weak  patent  protection  and  stringent  registration  require- 
Bents  so  that  early  release  of  data  could  put  the  sales  of  Innova- 
tive flrna  at  risk.  Their  analysis  Indicated  that  over  one-third 
of  United  States  flrn  sales  revenues  are  In  such  narkats  and  In- 
clude such  countries  as  Canada,  Spain,  Sweden,  Switxerland,  and 
Irasll.  Of  course  the  fires  could  counter  these  risks  of  lost  sales 
revenues  in  foreign  nerkets  by  delaying  introduction  Into  the  United 
States  until  competitive  positions  in  ‘foreign  narkets  are  secured. 

But  this  behaviour  would  be  conplctely  counter  to  a primary  objec- 
tive of  the.  new  drug  law  - to  expedite  the  approval  of  Important 
new  nediclnes  Into  the  United  States. 

Another  argument  nade  was  that  the  release  of  safety  and  effi- 
cacy data  tiles  could  aid  rivals  In  both  the  United  States  and  over- 
seas In  marketing  Imitative  products  that  are  so-called  **therapcurlc 
equivalent"  drugs,  i.e.,  products  which  possess  differentiated  mo- 
lecular structures  but  have  similar  therapeutic  effects.  In  parti- 
cular, the  availability  of  raw  data  files  and  research  protocols 
could  alert  such  follow-on  firms  tp  promising  future  directions  for 
research  as  well  as  blind  alleys  to  avoid.  It  also  would  provide 
Insights  into  how  to  design  the  research  protocols  to  achieve  faster 
regulatory  approval. 

The  optimal  amount  of  protection  to  give  an  innovator  in  this 
area  as  veil  ms  In  the  length  of  patent  rights  clearly  gives  rise 
to  difficult  trade  offs  which  Bust  necessarily  balance  desirabla 
competing  objectives.  However,  a number  of  eminent  medical  scientists 
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tocifled  At  the  haarlASB  chat  a aclanclfie  auaaacj  (of  acholarly 
raaaarcb  arclcla  lengcb  aod  subacance)  would  adaquacalj  aarva  tba 
objaccive  of  opening  the  rasulatorj  daclalon  proeeaa  Co  Incareaced 
aaabars  of  Cha  aciantlfic  coaaunicy.  Tba  eoaproalaa  bill  which 
paaacd  Che  Senate  in  fact  adopted  the  suaaary  approach.  It  required 
flraa  to  prepare  a Bunaary  of  their  evidence  on  safety  and  efficacy 
which  the  FDA  aust  approve.  It  thus  would  aalntain  the  trade  secret 
status  of  the  raw  data  and  reports  on  the  investigationB . The 
Aaended  Bill,  however,  did  provide  for  governaent  funding  of<public 
parcicipsclon  in  administrative  and  court  hearings  in  order  to  fsclli 
tate  and  encourage  public  participation. 

3.  Proposals  To  Facilitate  Generic  Entry 

The  rights  of  subsequent  entrants  to  rely  on  the  sa'fety  and 
efficacy  data  of  the  innovating  fira  in  obtaining  FDA  approval  for 
an  already  establlahed  product  has  recently  become  a very  aurkey  legal 
area.  This  issue  is  also  considered  in  the  proposed  reform  bills. 

In  particular,  the  Amended  Senate  Bill  would  allow  all  follow-on 
producers  to  file  an  abbreviated  KDA,  assuming  that  a seven  year 
period  has  elasped  since  the  product  was  initially  approved.  The 
imitator  would  have  to  demonstrate  in  the  abbreviated  RDA  that  its 
product  meeta  standards  of  identity,  strength,  quality,  purity, 
stability  and  bioavailability.  It  would,  however,  not  have  to  dupli- 
cate any  of  the  originator's  data  on  safety  and  efficacy.  The  seven 
year  period  is  included  to  provide  some  protection  and  investment 
incentives  for  products  Chat  are  unpatentable  or  those  whose  patents 
have  already  expired  (e.g.,  a new  use  of  an  old  drug).  In  point  of 
fact  the  FDA  has  used  such  an  abbreviated  NDA  approach  to  cover 
follow-on  applications  for  approved  HDA's  of  pre-'62  origin.  However 
Che  validity  of  this  abbreviated  application  approach,  and  especially 


ics  pooslbl*  •xt«naion  to  post  *62  products  now  coains  off  pstaot, 
has  bsso  tbs  subjsct  of  ssvsrsl  rsesnt  Isssl  cbsllansss.  On  tho 
one  hand,  sons  of  tha  gansrlc  ■anufactucsrs  want  all  pravlously 
approvad  products  to  ba  catagoriaad  as  "old  drugs"  not  subjsct  to 
any  new  FDA  drug  application  procaduras  (i.a.,  subjsct  only  to 
poat-aarkating,  good  nanuf acturing  practices  and  PDA  plant  inspac- 
tiona).  On  tha  other  hand,  sobs  aanufacturert  of  pionsar  drugs 
apparently  vent  to  see  generic  aanuf acturaxs  parfora  all  tha  ori- 
ginal safety  and  efficacy  teats  as  a way  of  erecting  non-patent 
entry  barriers  to  generic  rivals.  The  courts  ere  currently  consider- 
ing the  nerits  of  these  positions. 

There  would  appear  to  be  fairly  compelling  ar'juaents  in  favor 
of  an  aobreviatad  MOA  procaduro  for  follow-on  generic  products. 

This  would  provide  physicians  and  patients  with  soae  assurance  of 
product  equivalence  without  requiring  unnecessary  tasting  of  safety 
and  efficacy.  The  latter  would  not  only  be  wasteful  of  scientific 
resources  and  expose  patients  to  unnacesssry  risks,  but  also  could 
produce  logjams  at  the  FDA  and  divert  resources  from  the  review  of 
real  new  drug  applications.  To  the  extent  one  believes  that  current 
patent  lives  in  drugs  are  too  abort  to  encourage  sufficient  invest- 
aent  in  R and  D,  this  would  seen  best  addressed. through  changes  in 
patent  life  rather  than  the  erection  of  entry  barriers  through 
duplicative  safety  and  efficacy  testing.  The  length  of  effective 
patent  protection  in  ethical  drugs  is.  In  fact,  an  issue  of  current 
legielstive  attention.  This  is  discussed  further  below. 

The  issue  of  generic  fira  reliance  on  previous  safety  and  efficacy 
apparently  will  have  to  be  decided  either  by  the  courts  or  through 
new  legislation. 
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4.  Bapanded  Po»t  Harketing  FDA  Retulatlons 

Tho  POA's  dlscratloaarp  autborltp  after  a saw  drug  la  approved 
would  be  vaatlp  axpandad  uodar  tha  propoaad  rafora  lavs*  Flrsti 
tha  PDA  could  raquira  axtaoilva  poat-aarkatlog  castlag  as  a condl» 
tloo  of  approval.  Furtheraora,  the  FDA  could  alio  restrict  the  dis- 
tribution of  a neu  drug  to  aedlcal  practitioners  with  spaclflc 
training  or  in  particular  Institutions.  Third,  the  FDA  would  be 
able  to  reaove  drugs  from  the  aarket  place  auch  aora  easily  than 
under  the  current  "inainent  hazard”  criterion. 

A nuaber  of  analysts  have  advocated  greater  emphasis  on  post- 
aarketlng  controls  as  a way  of  making  an  FDA  new  drug  approval  less 
of  an  "oil  or  nothing"  decision  which  Is  difficult  to  reverse  once 
sade.  In  particular,  greater  emphasis  on  post-aarketlng  tests 
could  make  FDA  Investigations  take  a more. balanced  view  in  assessing 
benefits  versus  risks  of  new  drugs  and  be  less  prone  to  excessively 
cautious  behavior  in  approving  drugs.  However,  othershave  hypothslzed 
that  expanded  post-marketing  controls  will  be  used  to  add  additional 
layers  of  regulation  without  any  change  in  pre-market  regulatory 
practices.  If  so,  they  obviously  would  tend  to  operate  as  a further 
disincentive  to  Innovation  rather  than  a means  of  apeeding  up  new 
drug  Introductions. 

In  the  final  analysis,  the  attitudes  and  organizational  incentives 
at  the  FDA  will  play  a key  role  on  how  increased  FDA  post-marketing 
controls  (ind  other  regulatory  changes) affect  the  private  returns  to 
Innovation.  If  FDA  incentives  remain  skewed  toward  avoiding  the 
acceptance  of  a "bad”  drug  (while  being  less  concerned  about  rejection 
or  delay  of  a *^ooir  drug)  granting  the  FDA  more  discretionary  authority 
would  very  likely  operate  to  slow  down  the  drug  approval  process  and 


further  increase  the  costa  of  devsloplag  asv  dru(a.  It  could 
thus  have  the  exact  opposite  effects  on  phsrsscsutlesl  innovation 
cleined  bp  its  advocates. 

Obviouslpt  the  incentive  structure  at  the  niA  is  not 
on  aaey  natter  to  change  through  legislative  action.  The  nev  bills 
Bake  eone  beginning  in  this  regard  by  declaring  that  the  encouragc- 
nenc  of  innovation  ie  an  inportant  objective  of  public  policy.  How- 
ever, beyond  stating  this  objective.  Congress  night  consider  sone 
specific  institutional  nechanisns  for  insuring  that  a sore  balanced 
perspective  will  in  fact  be  reflected  in  regulatory  decisions. 

One  idee  Chet  has  been  advanced  along  these  lines  would  be  to 

create  a distinguished  panel  of  scientists  and  nedical  experts  from 

elsewhere  in  the  health  conaunity  to  review  annually  FDA's  progress 

on  new  aedicines  as  well  as  to  cPnsider  potentially  valuable  new 

% 

drug  therapies  already  in  use  abroad.  This  type  of  body  would  be 
o logical  extension  of  the  FDA  advisory  committees.  However,  in 
contrast  to  the  latter,  which  became  involved  only  in  tbe  later 

V 

stages  of  tbe  approval  process  for  specific  aedicines,  the  proposed 
panel  would  have  a broader  oversight  function  and  would  be  designed 
to  bring  tbe  perspective  of  scientists  and  medical  prescribers  of 
drugs  into  tbe  regulatory  decision  process  in  a more  complete  and 
systematic  way.  Tbe  greater  use  of  outside  experts  has  been  one 
of  the  more  successful  aspects  of  tbe  British  System  of  drug  regula- 
tion. 

Vhile  the  effectiveness  of  such  policies  in  the  United  States 
is  open  to  question,  it  would  seea  worth  experimenting  with  such 
neasures  in  order  to  try  to  generate  a acre  balanced  decision-making 
environaent,  aspecially  if  FDA  discretionary  authority  is  ts  be  sig- 
nificantly increased  in  the  various  ways  proposed  in  the  nev  legis- 


lation 
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B.  Fropoaad  Changa*  in  Pafnt  Frot«ction 

Vhlls  drug  rcgulACorjr  rafora  Bsaanraa  bava  racalvad  cofialderablc 
atteneioa  froa  earealn  lagltlacors,  Induatx;  patanc  procaction  baa 
baao  aaoehor  aajor  araa  of  Intaraat  by  ocbar laglalatora  • Aa  dla- 
euaead  abova,  cba  parlod  of  pataac  'protaccion  in  druga  nov  averagea 
about  ten  yaara  in  length  and  baa  bean  trending  dovnvard  in  recent 
jaara  aa  a raault  of  the  long  davelopaant  perioda  and  regulatory 
approval  tinea  for  new  druga*  Furtbernore,  there  ia  the  prospect 
of  ineraaaed  aubatitution  and  aarket  penetration  by  generic  products 
after  patents  have  expired  in  the  future  periods  aa  a result  of  the 
spread  of  atate  substitution  laws  and  the  growth  of  prograns  like 
HA  C Given  these  trends,  a number  of  legislators  have  begun  con- 
sidering tha  case  for  longer  effective  patent  lives  on  new  drugs. 

Sobs  govarnaent  policymakers  and  advisory  groups  have  recently  advo- 
cated restoring  part  or  all  of  the  effective  patent  life  lost  during 
tha  IBD  and  MDA  regulatory  periods.  For  example,  the  Advisory 
Coamittaa  to  President  Carter's  Somestic  Policy  Review  on  Indua- 
*:vlal  Innovation  has  recommended  such  a policy  of  patent  life  restora- 
tion for  all  products  subject  to  pre-market  regulatory  reviews  (i.e., 
ethical  drugs,  food  additives,  pesticides  and  certain  medical  devices), 
la  addition,  former  HEW  Secretary  Joseph  Califano,  FDA  Bureau  of 
Drug  Chief  Richard  Crout,  and  the  authors  of  the  Federal  Trade  Com- 
nission'e  Model  Substitution  Law  have  ct  different  points  in  time  ell 
urged  that  Congress  seriously  consider  such  a policy  measure  as  a way 
of  eoepaesaciag  for  innovation  disincentives  that  might  arise  from 
other  public  policies. 

There  have  been  introduced  into  Congress  a number  of  legislative 
bills  eebodying  the  basic  concept  of  patent  rertoretion  in  ethical 
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osd  othor  alfillarly  affected  laduatrles.  7or  aeuaplm,  a Bill  latre> 
&ised  by  Seaacor  Bayh  into  the  96th  Coasreee,  with  arrcral  ce-epooaore, 
voaid  add  bade  to  the  pateat  life  at  the  tlae  of  7DA  approval*  usj  tiaa  lost 
derles  the  clinical  tcatlng  and  n>A  review  period,  wp  to  a aerfnai  of 
seven  yeara.  Of  courae,  the  selection  of  any  apeciflc  exaber  of  years  for 
patent  protection  necessarily  gives  rise  to  difficult  tradeoffs  (i.e.,  the 
pooaiblllty  of  too  little  Incentive  for  innovation  versus  the  cncouragcaent 
of  too  such  market  power).  These  tradeoffs  Bust  be  evaluated  under  consid- 
ecable  uncertainty,  nevertheless,  there  appears  to  be  growing  concern  among 
poUcymakers  about  the  potential  adverse  iaplicationa  of  passively  allowing 
the  continued  downward  drift  in  effective  patent  lives  for  drugs;  especially 
given  the  various  other  adverse  observed  trends  in  the  drug  innovations! 
process  and  the  high  perceived  * nefits  associated  with  new  drug  therapies. 
Patent  restoration  together  wir’d  regulatory  refona,  are  therefore  likely  to 
main  major  policy  Issues  for  ethical  drugs,  when  the  97tb  Congress  begins 
In  January  1981. 
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I. 


INTRODUCTION 


Public  concern  with  housing  in  the  United  States  has  both 
efficiency  and  distributional  bases.  Because  housing 
expenditures  are  such  a large  fraction  of  the  concunier's  budget, 
and  because  poor  households  have  such  small  budgets,  a series 
of  Federal  programs  to  provide  "adequate"  housing  for  "poor" 
households  has  evolved,  beginning  with  the  Public  Housing  Act  of 
1937.  On  narrow  efficiency  grounds,  however,  there  has  also  been 
increasing  concern  about  public  policy  and  its  effect  upon 
the  production  and  distribution  of  housing  services.  It  is 
alleged  that  residential  construction  is  a "backward"  industry, 
characterized  by  a low  rate  of  technical  progress  and  that 
supply  prices  for  new  construction  arc  higher  than  would  be 
indicated  by  efficiency  in  production.  Concern  is  with  the 
effect  of  existing  policies  upon  the  structure  of  the  market 
aud  with  the  design  of  public  policies  to  foster  technical 
progress,  reduced  costs,  and  increased  output  of  housing 
services. 

In  any  practical  context,  of  course,  these  distributional 
and  efficiency  considerations  are  hardly  separable. 

Nevertheless,  a reading  of  the  reports  of  two  presidential 
commissions  established  in  response  to  inadequate  living 
conditions  of  the  urban  poor  (the  Douglas  and  Kaiser 
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ComnilssioDS^)  indicates  widespread  dissatisfaction  with  the 

economic  health  of  the  construction  sector  as  distinct  from 

the  delivery  of  basic  services  to  the  needy.  The  reports  of 

these  commissions,  incorporated  into  the  language  of  the  Housing 

and  Urban  Development  Act  of  1968,  indicated  that  the  goal  of 

*'a  decent  home  and  a suitable  living  environment  for  every 
2 

American  family"  required  two  types  of  public  polices;  policies 
to  increase  the  flow  of  newly  constructed,  unsubsidized  dwellings 
at  affordable  prices,  as  well  as  subsidy  policies  to  improve 
the  stock  of  c.Nisting  dwellings 

This  draft  considers  public  policy  and  the  efficiency  of 
the  residential  construction  sector.  Section  II  below  records 
basic  facts  about  the  industrial  structure  and  relative 
performance  of  the  housebuilding  sector.  It  summarizes  post-war 
empirical  research  about  changes  in  productivity  and  the  costs 
of  construction,  and  describes  briefly  some  of  the  more 
important  innovations  in  materials  and  techniques.  It  also 
assesses,  largely  on  the  basis  of  interview  data  and  c."pert 
opinion,  the  magnitude  of  cost  savings  attributable  to  some  of 
these  innovations.  Section  II  also  notes  the  relationship 
between  reductions  in  labor  and  materials  inputs  and  their 
effects  upon  the  supply  cost  of  housing  services  and  the  costs 
of  occupancy  for  consumer.  Finally,  limited  and  suggestive 
Information  is  presented  about  the  nature  of  private  research 
and  development  activity. 

.Section  III  discusses  three  aspects  of  industry  structure 
and  its  relationship  to  public  policy.  This  section 
investigates  the  cyclical  sensitivity  of  the  housebuilding 
sector,  the  fragmented  nature  of  the  industry  and  its 
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regulatory  envlromnent , and  the  federal  role  in  supporting 
research  and  development  and  technical  Innovation. 

Some  tenative  conclusions,  based  upon  research  in  progress, 
are  presented  in  section  IV. 


II.  SECTORAL  PERFORMANCE  AND  INDUSTRIAL  STRUCTURE 

A.  Productivity  Measures 

Throughout  the  1960s  the  conventional  wisdom  held  that 
productivity  trends  in  housebuilding  lagged  behind  other 
sectors  of  the  economy.  Underlying  all  comparisons  of  the 
rate  of  technical  progress  in  this  sector  are  at  least  four 
methodological  and  measurement  problems.  1)  appropriate 
adjustment  for  quality  changes;  2)  consistent  definitions  of 
inputs:  3)  adjustments  required  by  variations  in  the  mix  of 
site  and  off-site  activity;  4)  disaggregation  of  construction 
activities  into  the  residential  and  non-residential  sectors. 
Although  analogous  methodological  problems  are  inherent  in  the 
measurement  of  technical  progress  in  all  sectors  of  the 
economy,  there  are  indications  that  these  issues  present  more 

difficulties  in  the  analysis  of  the  residential  construction 

^ 3 

sector . 

Nevertheless,  a consensus  seems  to  exist  that  housing 
was  a "backward"  sector  of  the  economy  through  most  of  this 
century.  For  example,  by  comparing  independently  derived 
indexes  of  building  costs  and  new  home  prices,  Grebler,  Blank 

4 

and  Winnick  concluded  in  1956  that  productivity  in  residential 
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coDStructlon  h&d  remained  relatively  constant  from  the  turn 

of  the  century  through  the  mid~19S0s.  Applying  a ■imilar 

methodology  to  Don-resldential  contract  construction  led  the 

authors  to  conclude  that  "productivity  has  increased 

significantly  in  heavy  construction,  but  much  less  so  in 

5 G 

residential  building."  Writing  in  1962,  Denison  found  an 

absolute  decline  in  input  productivity  in  the  construction 

sector  during  the  1930-1960  period.  Dacy's  analysis  of  price 

trends  and  productivity  during  the  1947-1960  period  similarly 

concludes  "[contract]  construction  productivity  lagged 

considerably  behind  the  average  for  the  economy  and  even 

7 

behind  total  services."  Kendrick's  exhaustive  study  of 
postwar  productivity  trends,  completed  in  1973,  provides 
estimates  of  total  factor  productivity  during  the  period 
1948-1969.  Of  34  industry  groups  considered,  the  average 
productivity  change  in  contract  construction  ranks  31st. 

Table  1 provides  a summary  of  postwar  productivity 
studies,  indicating  productivity  estimates  ranging  between 
a 0.5  percent  per  year  and  2.3  percent,  depending  upon  the 
methodology  employed  and  the  period  of  analysis.  In  all 
comparisons,  productivity  growth  estimates  in  contract 

construction  are  lower  than  for  the  rest  of  the  economy. 

Raw  productivity  change  measures  for  the  more  recent 
period  are  presented  in  the" bottom  part  of  table  1.  During 
the  fourteen  year  period  1966-1979,  productivity  increases 
in  contract  construction  were  smaller  than  increases  observed 
in  the  overall  economy  or  in  the  manufacturing  sector  in 


Table  1:  Postwar  Productivity  Trends 
A.  Estimate  of  annual  growth  In  productivity  In  percent 


Contract  Residential 

Construction  Component 

Manufacturing 

Private 

Domestic  Economy 

Sims:  1947-1968 

2.3 

Gordon:  1948-1965 

1. 4-2.8 

3.4 

Dacy:  1947-1963 

3.0 

2.6 

Domar:  1948-1960 

2.0 

3.4 

BLS;  1962-1969 

1.5* 

UN:  ^1953-1967 

0.5 

Kendrick.^  1948-1966 

1.5 

2.5 

2.5 

1948-1953 

3.6 

2.9 

2.8 

1953-1957 

2.8 

1.5 

1.9 

1957-1960 

1.1 

2.0 

2.3 

1960-1966 

-1.0 

3.2 

2.9 

B.  Average  annual  change 

1 In  productivity  1966-1979 

Contract 

Construction 

Manufacturing 

Private 

Domestic  Economy 

Chase:  1966 

-3.5 

2.2 

0.4^* 

1967 

11.0 

4.8 

3.8 

1968 

-7.1 

3.2 

1.2 

1969 

-9.8 

-0.3 

-1.6 

1970 

7.3 

0.0 

3.3 

1971 

4.0 

5.1 

2.8 

1972 

2.8 

4.2 

4.5 

1973 

-16.2 

1.1 

-2.7 

1974 

-4.5 

-2.5 

-2.2 

1975 

9.3 

5.6 

5.6 

1976 

1.0 

3.4 

2.4 

1977 

-0.2 

0.4 

-0.3 

1978 

-7.0 

3.1 

-0.1 

1979 

-5.5 

1.3 

-1.5 

•single  family  housing 
♦•private  non-farm  sector 

fall  Kendrick  figures  are  estimates  of  total  factor  productivity 

Sources:  Evsey  Domar,  et  al.,  "Economic  Growth  and  Production  in  the  United 
States,  Canada,  United  Kingdom,  Germany,  and  Japan  in  the  Post-war 
Period,"  Review  of  Economics  and  Statistics.  Feb.  1964,  p.  36. 


Douglas  C.  Dacy,  "Productivity  and  Price  Trends  in  Construction  Since 
1947,"  Review  of  Economics  and  Statistics.  Nov.  1965,  pp.  406-411. 

Christopher  Sims,  "Efficiency  in  the  Construction  Industry,"  Technical 
Studies,  vol.  II  of  the  Kaiser  Conmittee  Report,  pp.  145-175. 

Robert  T.  Gordon,  "A  New  View  of  Real  Investment  in  Structures,"  Review 
of  Economic  Statistics,  Nov.  I960,  p.  423. 

Robert  Ball  and  Larry  Ludwig,  "Labor  Requirements  for  Construction  of 
Single-Family  Houses,"  Monthly  Labor  Review.  Sept.  1971,  pp.  12-14. 

United  Nations,  Economic  Conmission  for  Europe,  Economic  Survey  of  Europe 
in  1969:  Part  I.  Structural  Trends  and  Prospects  in  the  European  Economy 
(New  York,  1976),  p.  92. 

John_y.  Kendrick,  Postwar  Productivity  Trends  in  the  United  States  (NBER,1973 

pn.  77-85.  

Chase  Econometrics,  Current  Data  Bank,  September  1980. 
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twelve  of  the  years.  Productivity  changes  in  contract 
construction  exceeded  those  elsewhere  in  the  economy  in  two 
years.  In  8 of  the  past  14  years,  moreover,  the  raw 
productivity  index  (measured  as  constant  dollar  output  per 
man  hour)  actually  declined.  The  period  as  a whole  Indicates 
a modest  decline  in  productivity  in  contract  construction 
activity. 


B.  Input  and  Output  Cost  Measures 

The  available  evidence  does  not  permit  a refined  analysis 
of  productivity  in  residential  construction.  The  trends 
reported  for  contract  construction  include  all  residential, 
commercial  and  industrial  building  as  well  as  highway  and 
heavy  construction.  In  recent  history,  the  residential 

Q 

component  has  varied  between  30  and  45  percent  of  the  total. 

A number  of  input  cost  measures  for  residential 
construction  are  available  from  the  postwar  period.  Table  2 
presents  a summary  of  trends  in  four  of  these  indices. 
Inferences  about  the  relationship  between  productivity  and 
variations  in  these  indices  depend  quite  specifically  on 
their  definitions. 

None  of  the  four  indices  presented  includes  land  input 
prices.  The  Engineering  News-Record  index  (EN-R)  combines 
construction  labor  and  materials  input  prices  in  fixed 
proportions.  Since  input  prices  are  not  adjusted  for  changes 
in  productivity  or  technology,  this  index  ignores  technological 
change  within  the  sector.  The  Boeckh  index  weights 
materials  and  equipment  prices  for  brick  and  frame 
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Table  2 


Average  Annual  Growth  of  Construction 
Cost  Indices:  1947  - 1977 


Period 

EN-R 

DCCI 

Boeckh 

Turner 

1947-52 

6.0J 

4.6% 

2.7% 

5.0% 

1952-57 

4.1 

2.0 

2.7 

3.3 

1957-62 

2.7 

-0.1 

0.5 

1.1 

1962-67 

2.9 

2.0 

2.7 

2.7 

1967-72 

9.2 

6.7 

6.6 

9.0 

1972-77 

9.9 

8.1 

9.4 

8.1 

Source:  Computed  from  U.S.  Department  of  Commerce,  Industry  and 

Trade  Administration,  Construction  Review,  v.  25,  n.  11, 
December  1979. 
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residences  by  wage  rates,  adjusted  to  reflect  variable  labor 
efficiency  in  each  of  twenty  locales.  Consequently,  some 
technological  efficiency  gains  are  implicit  in  its  values. 

The  Turner  index  is  computed  from  bid  estimates  returned  to  the 
Turner  Construction  Company  of  the  cost  of  standardized  projects. 
Presumably,  each  fxrm  fully  accounts  for  inputs  and  labor 
efficiency  changes  in  its  bids,  so  technological  advance 
should  be  fully  reflected  in  this  cost  index.  Unfortunately 
only  a few  of  the  stand.ird  projects  which  underlie  the  index 
are  residential  in  nature.  Finally,  the  Department  of  Commerce 
Composite  Index  (DCCI)  incorporates  a number  of  construction 
cost  indices  (including  the  Engineering  News-Record,  Boeckh  and 
Turner  indices).  Some  of  its  component  indices  account  for 
technological  change  and  some  do  not;  thus  it  reflects,  in 
some  part,  productivity  advances. 

A comparison  of  the  Boeckh  or  the  Turner  index  with  the 
EN-B  index  implies  that  actual  construction  costs  in  the 
residential  sector  rose  less  throughout  the  three  decades 
than  they  would  have  if  technology  were  stagnant.  However, 
the  comparisons  from  1967  on  suggest  a reversal  and  a decline 
in  residential  construction  productivity.  A comparison  of 
these  two  indices  with  the  DCCI  (which  implicitly  accounts 
for  souie  technical  change)  supports  the  same  inference. 

A comparison  of  output  prices  is  presented  in  table  3 
for  the  ssime  period.  The  wholesale  price  index  (WPI)  for 
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Tab1e  3 


Average  Annual  Growth  of  Various  Output 
Price  Indices:  1947  - 1977 


Period 

WPI 

CPI 

CPI-R 

CPl-H 

NRS 

BOC 

1947-52 

3.5S 

3.5% 

4.5% 

na 

4.5% 

na 

1952-57 

2.1 

1.2 

2.8 

2.2%® 

1.3 

na 

1957-62 

0.3 

1.4 

1.5 

1.5 

0.2 

na 

1962-67 

1.1 

2.0 

1.2 

2.6 

1.5 

1.9% 

1967-72 

*3.4 

4.6 

3.6 

7.0 

5.6 

5.7 

1972-77 

10.6 

7.7 

5.2 

7.9 

9.9 

9.6 

a.  1953-57. 

b.  1963-67. 

Source:  WPI,  CPI,  CPI-R  and  CPI-H  are  from  U.S.  President,  Economic  Report 

of  the  President,  1978,  (G.P.O.);  MRS  is  from  U.S.  Department  of 
Commerce,  Bureau  of  Economic  Analysis.  The  National  Income  and 
Product  Accounts  of  the  U.S.,  1929-74;  STitistical  Tables,  (G.P.O. , 
1977),  and  Survey  of  Current  Business,  v.  57,  n.  7.  July  1977  and 
V.  58,  n.  7,  July  1978;  BOC  is  from  U.S.  Department  of  Commerce, 
Industry  and  Trade  Admim strati on.  Construction  Review,  v.  25, 
n.  11,  December  1979-. 
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Industrlal  commodltes  reflects  general  trends  in  the 
manufacturing  and  mineral  products  sectors  of  the  economy. 

The  consumer  price  index  (CPI)  measures  price  movement  among 
food  and  beverages,  housing,  apparel,  transportation,  medical 
services,  entertainment  and  other  services.  Two  components 
of  the  CPI's  housing  class  also  appear  in  table  3.  The 
rent/residential  component  (CPI-R)  incorporates  price  trends 
both  for  apartment  rent  and  for  imputed  rent  of  homeowners 
(based  on  sales  prices  of  new  and  existing  homes).  The 
homeownership  portion  of  the  CPI's  housing  class  (CPI-K), 
introduced  in  1953,  combines  a home  purchase  element  with 
various  operating  and  maintenance  cost  elements.  Also 
presented  is  the  implicit  price  deflator  for  purchases  of 
new  residential  structures  (NRS)  computed  by  the  Commerce 
Department  and  the  recent  Bureau  of  the  Census  price  index 
for  new  single-family  homes,  exclusive  of  lot  value  (BOC). 
Presumably  the  latter  index  is  the  best  indicator  of  output 
price  trends. 

A comparison  of  the  NRS  and  the  WPI  or  the  CPI  may 
suggest  that  homebuilding  efficiency  equalled  or  surpassed 
economy  wide  performance  until  about  1967.  Since  1967, 
however,  the  relative  price  increases  of  new  residential 
structures  (NRS)  or  new  single  family  homes  (BOC)  have 
exceeded  economy  wide  price  increases.  Inferences  based 
upon  CPI-R  or  CPI-H  are  more  ambiguous,  since  they  include 
transactions  pn  used  homes  and  include  the  land  component. 

Any  such  comparison  of  output  prices  assumes  that  demand 
fluctuations  do  not  change  the  relative  prices  of  goods; 
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the comparison  does,  however,  measure  the  entire  economy's 
efficiency  in  producing  housing — Increases  in  productivity  in 
input  suppliers  as  well  as  builders. 

g 

Recent  work  by  Ferguson  and  Wheaton,  who  analyzed  the  raw 
data  underlying  the  fiOC  index,  presents  disaggregated  trends  in 
output  prices  for  newly  constructed  dwellings  in  four  components 
changes  in  the  unit  price  of  land;  changes  in  the  quantity  of 
land;  changes  in  the  characteristics  of  housing  structures;  and 
changes  in  the  price  of  a standardized  structure.  A comparison 
of  the  latter  two  components  indicates  that  improved  quality 
accounted  for  almost  one  fourth  of  the  observed  increase  in  the 
costs  of  residential  structures  during  the  period  1972-1978. 

On  balance,  the  productivity  and  price  evidence  suggests 
a pattern  of  modest  improvements  in  productivity  in  residential 
construction  from  1947  through  the  mid-1960s,  although 
construction  did  lag  behind  manufacturing  activity.  During 
the  more  recent  period,  the  evidence  suggests  little  or  no 
improvement  in  productivity  and  a more  substantial  decline 
relative  to  other  sectors  of  the  economy. 

C.  The  Costs  of  Housing  Services 

A comparison  of  costs  and  productivity  in  the  production 
of  residential  structures  may  give  a misleading  picture  of 
the  importance  of  technical  change  and  improved  technique  in 

» • 

the  costs  of  supplying  housing  services  to  copsumers.  Table  4 
presents  "typical"  distributions  of  the  total  costs  of  providing 
newly  constructed  housing  services  as  reported  to  the  Kaiser 
Commission.  As  of  1968,  only  about  45  percent  of  the  costs  of 
new  construction  of  single  family  homes  consisted  of  labor  and 
materials  costs.  For  multifamily  units,  about  60  percent  of  the 
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Table  4 


Distribution  of  Costs  of  Housing  Service  Provision 
for  "Typical"  Developments  in  1968 


Single  family 

Apartment  in 
multifamily 

detached  house 

medium-rise  1 

Development  Costs 

31 X 

25t 

Land 

ID 

9 

Development 

15 

4 

Miscellaneous 

6 

12* 

Construction  Costs 

69 

75 

Materials 

37 

38 

On-site  wages 

1:. 

22 

Overhead/profit 

14 

15 

Total 

lOOX 

100% 

^including  architects'  fees 

Source:  The  President's  Committee  on  Urban  Housing,  The  Report  of  the 
President's  Committee  on  Urban  Housing:  Technical  Studies. 

Washington,  D.C. 
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coBt  of  producing  housing  services  is  attributable  to 
purchased  inputs  and  labor.  Development  costs,  including 
land,  consist  of  25-30  percent  of  the  costs  of  production. 

Table  5 presents  a "typical"  distribution  of  the  costs 
of  consuming  housing  services  as  of  1968.  The  occupancy 
cost  comparison  appears  quaint  from  the  perspective  of  the 
1980s.  It  reveals  quite  starkly,  however,  the  importance 
of  debt  retirement  in  the  provision  of  housing  services. 

Even  at  the  typical  6 percent  mortgage  rates  of  the  1960s, 
carrying  charges  represented  40-50  percent  of  occupancy  costs. 
A comparison  of  tables  4 and  5 reveals  that  a given  reduction 
in  the  cost  of  materials  and  labor  would  reduce  the  total 
costs  of  producing  housing  services  by  only  about  half  as 
much.  This  would  presumably  be  reflected  in  occupancy  costs 
by  reductions  in  the  face  value  of  mortgages.  As  any 
recent  purchaser  of  housing  knows,  however,  e'  .n  large 
reductions  in  the  face  values  of  mortgages  are  easily  offset 
by  small  changes  in  carrying  costs. 

Table  6 illustrates  the  relationship  between  innovations 
which  reduce  the  costs  of  labor  and  materials  in  housing 
construction  and  the  interest  rates.  For  a hypothetical 
$100,000  home,  financed  with  a conventional  30  year  mortgage 
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it  indicates  the  productivity  increase  in  construction  which 
is  offset  by  a 1 percent  increase  in  the  interest  rate. 

Labor  and  materials  are  only  a fraction  of  construction 
costs  (and  face  values  of  mortgages),  and  level  payments  on 
conventional  fixed  term  mortgages  are  sensitive  to  interest 
rates.  Thus,  it  would  require  quite  substantial  efficiency 
gains  in  construction  to  offset  the  additional  occupancy  costs 
associated  with  modest  increases  in  interest  rates. 

Tables  4 and  5 :.re  also  suggestive  of  the  importance  of 
exogenous  factors  in  the  production  and  occupancy  costs  for 
housing  services.  Increased  land  rentals  or  site  values 
observed  during  the  past  decade  increase  production  costs, 
even  if  there  rre  substitution  possibilities  between  capital 
and  land  in  production.  A decade  of  increases  in  property 
taxes  make  occupancy  costs  larger,  even  if  more  services 
are  provided  in  the  bargain. 
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Table  5 


Distribution  of  Occupancy  Costs  of  Housing  Services 
for  "Typical"  Developments  In  1968 


Apartment  In 

Single  family  multifamily 

detached  house  mcdTum-rise  building 


Debt  retirement  53X*  42S** 

Taxes  26  14 

Utilities  16  9 

Maintenance  and  repair  5 6 

Administrative  and  similar  costs  13 

Vacancies  and  bad  debts  9 

Profit  and  reserves  7_ 

Total  loot  loot 


•based  on  a 94. 5t  30-year  mortgage  at  6t  interest. 

••based  on  an  85t  35-year  loan  at  6t  interest 

Source:  The  President's  Committee  on  Urban  Housing,  The  Report  of  the 

President's  Committee  on  Urban  Housing:  Technical  Studies. 

Washington,  0.  C. 
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Table  6 


Relationship  Between  Productivity  Gains  in  Construction 
and  Occupancy  Costs  for  Consumers: 

productivity  increase  in  percent  required  to  offset  a 
one  percent  increase  in  interest  rates* 


interest 

labor  and 

materials 

as  a fraction  of 

construction  costs 

rate 

405 

505 

605 

705 

O 

o 

CO 

23.85 

19.05 

15.85 

13.65 

9.55 

95 

22.55 

18.05 

15.05 

12.95 

9.05 

105 

21.35 

17.05 

14.25 

12.15 

8.55 

115 

20.05 

16.05 

13.35 

11.45 

8.05 

♦assuming  a $100,000  house  financed  by  a 30  year,  level  payment  mortgage 
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It  appears  that  variations  in  the  total  costs  of 
supplying  housing  services  are  less  sensitive  to  technological 
changes  in  the  production  process  per  se  than  in  other  sectors 
of  the  economy.  The  costs  of  consuming  these  services  are  also 
less  sensitive  to  cost  reductions  in  labor  and  materials. 

D.  The  Structure  of  the  Housebuilding  Industry 

The  residential  construction  industry  is  characterized 
by  a relatively  small  scale  of  production  as  measured  by 
gross  receipts  or  by  numbers  of  units  completed  annually. 

Table  7 reports  the  size  distribution  of  multifamily  and 
single  family  builders  as  of  1972.  For  single  family 
builders,  less  than  a third  of  the  firms  reported  gross 
receipts  of  one  million  dollars  or  more,  or  a volume  of  more 
than  about  100  units,  almost  forty  percent  of  the  firms 
reported  volumes  of  fewer  than  about  twenty  units  per  year. 

In  the  multifamily  sector,  slightly  less  than  half  the 
firms  produced  an  annual  volume  greater  than  200  units  and 
an  eighth  of  the  firms  produced  fewer  than  about  20  units 
in  multifamily  dwellings.  The  annual  volume  of  the  typical 
builder  of  either  single  family  or  multifamily  dwellings  is 
quite  low. 

Even  this  description  overstates  the  numerical 
concentration  of  builders  by  volume,  since  it  only  includes 
firms  with  payrolls.  It  is  reported  that,  in  1967,  about  a 

f 

third  of  the  110,000  home-building  firms  in  current  operation 
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Table  7 

Distribution  of  Gross  Receipts  by  Size 
of  Builder,  1972 


Total  receipts  (000) 

Estimated  number 
of  units 

Single  family 
builders 

Hultifamily 

builders 

$0-50 

0-5 

8.9S 

1.8S 

50-99 

5-10 

14.6 

4.1 

100-249 

10-20 

14.8 

5.6 

250-499 

20-40 

14.7 

9.0 

500-999 

40-100 

15.6 

15.3 

1000-2499 

100-200 

8.4 

15.6 

2500  + 

200  + 

23.1 

48.7 

lOOX 

1002 

Source:  U.S.  Bureau  of  the  Census,  1972  Census  of  Construction.  Washington, 
D.C.,  USGPO,  1974,  p.  206. 
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dld  not  have  a regular  payroll.^® 

Information  on  trends  in  firm  size  is  somewhat  more 
elusive.  Tabic  8 presents  trends  on  the  size  distribution 
of  single  family  builders  based  on  membership  in  the  National 
Association  of  Home  Builders  (NAHB).  Inferences  drawn  from 
this  table  are  tenuous,  since  KAHB  has  about  a one  third 
annual  turnover  in  its  membership,  both  very  small  and  very 
large  builders  are  likely  to  be  underrepresented,  and  the 
distribution  of  units  by  scale  of  production  may  vary  over 
the  business  cycle.  In  any  case,  the  raw  data  indicate  a 
decline  in  the  scale  of  the  building  industry  during  the 
decade  of  the  1960s. 

Trends  since  1969  reveal  an  apparent  increase  in  the 
size  and  scale  of  homebuilders.  For  example,  it  is  reported 
that  the  number  of  firms  with  greater  than  $10  million  in 
annual  sale  increased  from  119  in  1968  to  369  in  1972 
(figures  are  unadjusted  for  inf lation) . The  Blucbook  of 
Major  Homebuilders  reports  that  the  market  share  of  builders 
with  annual  volumes  in  excess  of  200  units  rose  from  17.2 

# 

12 

4 percent  of  total  units  to  28  percent  between  1969  and  1972. 

Table  9 presents  the  latest  information  on  the  size 
distribution  of  housebuilders.  As  measured  by  the  number  of 
establishments,  firms  with  less  than  20  employees  comprised 


-20- 


almost  98  percent  of  "General  Contractors-Single  Family  Homes," 

87  percent  of  "General  Contractors-Resldentlal  Building,”  and 

94  percent  of  "operative  builders."  In  terms  of  gross 

receipts  in  the  industry,  however,  such  firms  comprised  78 

percent,  31  percent,  and  50  percent  of  the  three  industries. 

The  bottom  part  of  the  table  Indicates  that  firms  with 

gross  receipts  in  excess  of  a half  a million  dollars  account 

for  almost  half  of  total  receipts  among  single  family  general 

contractors  and  almost  90  percent  of  receipts  among  other 

general  contractors.  Such  firms  account  for  almost  85  percent 

of  receipts  among  operative  builders. 

Beyond  the  increasing  share  of  the  market  accruing  to 

larger  firms,  there  is  some  evidence  of  increasing  merger 

activity  among  the  larger  firms,  at  least  through  the  mid 

1970s.  Merger  and  acquisition  activity  among  the  largest 

publicly  held  homebuilders  has  provided  product  line 

diversification,  geographic  expasnion,  and  in  one  fourth  of 

13 

all  cases,  some  vertical  integration. 

The  rapid  and  sustained  growth  of  U.S.  Home,  the  largest 

American  housebuilding  firm  since  1972,  has  been  through 

merger  and  acquisition.  Between  1969  and  1972,  U.S.  Horn 

acquired  18  companies,  increasing  sales  from  $3.7M  to  $205M 

14 

in  less  than  three  years.  U.S.  Home  merged  with  Homecraft 

in  1977,  and  in  1978  issued  $15M  in  mortgage  backed  securities 

15 

through  a wholly  owned  subsidiary. 
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Table  8 

Size  Distribution  of  NAHB  Builders 


Percent  of  single  Percent  of  total  units 

family  builders  constructed 


Units  constructed 

1959 

1964 

1969 

1959 

1964 

1969 

1-25 

57.5 

64.4 

69.5 

10.2 

15.8 

21.5 

26-100 

29.8 

27.6 

24.3 

25.7 

32.7 

36.0 

101-250 

8.1 

5.5 

4.6 

21.8 

22.2 

23.6 

250+ 

4.6 

2.5 

1.6 

42.3 

29.4 

19.0 

Source:  National  Association  of  Home  Builders,  A Profile  of  the  Builder 

and  His  Industry.  Washington,  D.C.,  1970,  p.  108. 
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Table  9 

Size  Distribution  of  Residential  Construction 
Firms  (SIC  1521,  SIC  1522,  SIC  1531,  1977) 

number  of  employees 

total  1-4  5-9  10-19  20-49  50-99  100-249  250-499  500+ 

a.  percent  of  establishments 


SIC  1521 

100,993 

72.  OX 

19. IX 

6.6X  1.8X 

0.2X 

O.IX 

o.ox 

O.OX 

SIC  1522 

4,775 

52.8 

20.6 

13.4 

9.3 

2,3 

1.1 

0.5 

0.0 

SIC  1531 

23,477 

64.1 

20.7 

9.5 

4.0 

1.1 

0.4 

0.2 

0.0 

b.  percent  of  total 

receipts 

SIC  1521 

$21. 9B 

33.3 

25.7 

19.2 

12.3 

4.6 

2.3 

0.9 

1.4 

SIC  1522 

$ 4.5B 

8.0 

10.2 

13.1 

24.4 

14.4 

16.9 

13.1 

SIC  1531 

$22. 9B 

20.0 

15.1 

15.1 

17.6 

11.3 

8.6 

8.6 

3.7 

gross 

receipts 

(in  thousands) 

0-24  25-49 

50-99 

100- 

249 

250- 

499 

500- 

999 

1000- 

2499 

2500+ 

a.  percent  of  establishments 

SIC  1521 

100,993 

14.7 

15.1 

21.6 

27.4 

12.5 

5.8 

2.3 

0.6 

SIC  1522 

4,775 

7.0 

8.7 

13.6 

23.0 

14.5 

11.4 

9.7 

7.6 

SIC  1531 

23,477 

4.7 

5.6 

11.7 

23.4 

19.9 

16.4 

11.9 

5.7 

b,  percent  of  total 

receipts 

SIC  1521 

$21. 9B 

0.9 

2.6 

7.2 

19.9 

19.8 

18.1 

15.5 

16.0 

SIC  1522 

$ 4.5B 

0.1 

0.3 

1.1 

3.9 

5.4 

8.4 

15.8 

65.0 

SIC  1531 

$22. 9B 

0.0 

0.2 

0.9 

4.1 

7.2 

11.9 

18.7 

56.9 

Source:  U.S.  Department  of  Commerce,  Bureau  of  the  Census,  1977  Census  of 

Construction  Industries:  Industry  Studies.  SIC  1521,  SIC  1622,  SIC  1531, 

CC  77-1-1,  2,  3,  US  GPO,  1980. 

Note:  SIC  1521:  General  Contractors:  Single  Family  Houses 

SIC  1522:  General  Contractors:  Residential  Building 

SIC  1531:  Operative  Builders 
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Despite  any  trends  towards  increased  scale,  however, 

the  economic  concentration  of  the  housebuilding  industry  is 

quite  low.  The  25  firm  concentration  ratio  in  the  industry 

is  six-tenths  of  one  percent. 

There  is  little  recent  evidence  on  the  relation  between 

scale  of  production  and  the  costs  of  production.  Maisel’s 
1 G 

analysis,  presented  in  1953,  compares  production  costs  of 

builders  in  three  size  classes.  He  estimates  that  production 

costs,  including  profit  and  overhead,  for  the  typical  single 

family  dwellixig  are  2.6  percent  lower  for  firms  producing 

25-99  units  than  for  smaller  builders,  and  are  7.9  percent 

lower  for  firms  producing  more  than  100  units.  More  recent 

17 

evidence  by  Cassinatis  in  1969  suggests  that  labor  and 

materials  costs  for  a typical  dwelling  for  firms  producing 

200  or  more  units  are  about  12  percent  lower  than  those  of 

18 

firms  producing  fewer  50  unTts.  Cook  concludes  on  the 
basis  of  this  evidence  that  significant  economies  of  scale 
do  exist.  The  magnitude  of  the  relationship  between  scale 
of  production  and  the  occupancy  costs  for  housing  services 
does  not  seem  to  be  terribly  large,  however.  Popular 
descriptions  of  the  homebuilders  suggest  that  there  may  be 
significant  scale  economies  arising  from  production  scheduling, 
improved  x-eff iciency , and  vertical  Integration,  at  least 
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among  the  industry  giants.  For  example,  Fortune  reports 

the  increased  stability  in  annual  production  made  possible 

by  high  capitalization  among  the  giants  (e.g.,  Centex,  Ryan 

Homes,  and  Kaufman  and  Broad),  by  backed  securities,  and  by 

19 

increasing  "professionalization"  of  management. 

One  difference  in  production  techniques  by  firms  at 

the  largest  annual  volumes  is  their  reliance  on  prefabricated 

parts,  or  the  output  of  the  home  manufactures  industry.  For 

example,  the  Department  of  Housing  and  Urban  Development's 

analysis  of  511  major  homebuilders  revealed  that  the  25 

largest  builders  used  "major"  prefabricated  parts  in  52.3 

percent  of  units  completed.  For  other  builders,  the 

proportion  of  units  with  "major"  premanufactured  parts  ranged 

20 

between  27.2  and  35.9  percent. 

A comprehensive  survey  of  the  home  manufacturers  industry 

21 

IS  reported  by  Field  and  Rivkin.  They  estimate  that  by 

1970,  national  production  of  manufactured  homes  (including 

significant  use  of  pre-cut,  panel,  or  modular  construction) 

was  more  than  310,000  units,  and  included  about  21  percent 

of  the  market  for  new  units. 

In  1978,  it  was  estimated  that  manufactured  housing 

output  was  at  about  the  same  level,  304,000  units  and  a 

22 

somewhat  smaller  market  share.  Home  manufacturers  tended 
to  operate  at  a larger  production  scale  than  conventional 
builders,  but  even  among  these  firms,  about  30  percent  produce 
fewer  than  100  units  annually. 23 
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There  are  at  least  four  detailed  comparisons  of  the 

relative  costs  of  bousing  production  using  conventional  and 

home  manufacturing  techniques. 

Weiner  compares  production  costs  for  a typical  single 

24 

detached  house  with  1000  square  feet  of  living  space.  He 

compares  conventional  production  at  a volume  of  150-200  units 

with  off-site  modular  construction  at  differing  scales.  According 

to  engineering  estimates,  excluding  land  and  development  costs, 

off-site  modular  construction  at  a scale  of  5000  units  a year 

would  reduce  costs  by  15  percent. 

Several  estimates  were  prepared  for  the  Douglas  Commission 

25 

for  "typical"  single  family  houses.  It  was  estimated  that 

the  off-site  production  of  panel  walls  reduces  costs  by  less 

than  4 percent.  Off-site  construction  of  sectional  and 

modular  components  is  estimated  to  reduce  costs,  again  according 

to  engineering  assumptions,  by  as  much  as  20  percent. 

Rowland  compared  production  costs  for  low-rise  garden 

apartments.  The  cost  savings  attributable  to  fully  modular 

construction,  comparing  a production  scale  of  12  conventional 

units  with  1200  manufactured  units,  amounts  to  9.3-i3.7 

percent,  again  excluding  land  and  development  costs.  Finally, 

a comparison  of  high  rise  construction  using  pre-cast  walls 

and  partitions  with  similar  construction  using  masonry  and 

dry  wall  partitions  indicates  a labor  and  materials  cost 

27 

saving  of  16  percent. 

The  cost  savings  estimated  in  these 


studies  arise  from  two  sources,  the  reduction  in  the  number 
of  man  hours  required  to  complete  a given  component  of  the 
final  product  and  the  substitution  of  cheaper  and  lower 
skilled  labor.  The  nature  of  costs  reductions  is  thus 
similar  to  technical  progress  in  other  sectors  of  the  economy. 
However,  comparative  costs  depend  crucially  upon  whether 
wage  comparisons  are  between  the  unionized  construction 
sector  and  the  industrialized  sector  or  between  the  existing 
construction  sector  and  other  industry.  For  the  construction 
of  single  family  dwellings,  for  example,  it  has  been 
estimated  that  less  than  a third  of  the  labor  input  is  unionized. 

Whether  these  cost  savings  are  large  or  small  depends 
upon  one's  perspective.  First,  these  comparisons  are  based 
upon  engineering  estimates  and  extrapolations,  not  upon  a 
comparison  of  actur’  production  runs.  Second,  as  noted 
previously,  labor  and  materials  inputs  into  structures  account 
for  roughly  40-60  percent  of  the  cost  of  producing  housing 
services.  Third,  these  comparisons  were  made  more  than  a 
decade  ago.  Field  and  Rivkin,  who  are  firmly  convinced  of 
the  potential  for  cost  reduction  through  home  manufacturing, 
admit:  "We  must  take  it  on  faith  that  economies  wi? 1 result 

from  industrialization  of  home  building  because  conclusive 
evidence  of  lower  costs  does  not  exist.  Presumptive 
evidence  from  other  industries  that  have  undergone 
industrialization  implies  that  [manufactured]  home  building 
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29 

vlll  produce  substantial  savings  In  cost  . . . 

E.  Innovation  and  Research 

Some  Inconclusiveness  In  the  Importance  of  home 
manufacturing  as  an  alternative  technique  to  "conventional” 
homebuilding  does  not  imply  that  these  latter  methods  have 
been  static. 

Industry  observers  believe  the  current  usage  of  "major" 
industrialized  housing  components  in  conventional  construction 
is  already  quite  high.  When  such  components  as  pre-hung 
doors  and  pre-assembled  windows  are  included,  it  has  been 
estimated  that  about  90  percent  of  all  new  dwelling  units 
built  by  conventional  builders  include  major  industrialized  * 
housing  components  compared  to  an  insignificant  fraction  just 
after  World  War  II.  In  addition,  it  is  observed  that  before 
World  War  II,  labor  comprised  70  percent  of  on  site 
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construction  costs  compared  with  roughly  30  percent  today. 

Besides  the  substitution  of  pre-assembled  and 

manufactured  components  for  on  site  techniques,  innovation 

in  construction  includes  new  materials,  new  techniques  for 

assembling  materials  on  site,  new  tools  for  implementing 

given  techniques,  and  perhaps  improved  management  x-ef f iciency . 

Engineering  changes  in  residential  construction  methods 

have  been  relatively  minor,  in  terras  of  their  oveall  incidence 
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or  their  contribution  to  cost  reduction.  The  use  of  brick 
for  both  structural  and  veneer  purposes  .las  increased  since 
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World  War  II  as  has  the  proportion  of  post-and-beam 
"California-style"  construction.  Better  engineering 
knowledge  about  concrete  products  have  allowed  single  slab 
(basement-less)  homes  to  appear  more  frequently  in  cold  Northern 
climates,  where  they  were  previously  unknown.  Electrical 
wiring  has  been  moved  from  baseboard  raceways  to  the  interiors 
of  framed  walls  (largely  because  better  insulation  materials 
have  made  the  practice  safe). 

These  process  changes  do  not  appear  to  have  resulted 
from  innovation  in  construction  methods.  Wider  use  of  brick 
has  apparently  stemmed  from  a shift  in  the  relative  price  of 
brick  and  wood  products.  Post-and-beam  construction  is  among 
the  oldest  known  structural  engineering  methods;  its  increased 
use  of  late  is  attributable  to  changing  tastes — consumer 
preference  for  "open"  bouses — and  to  the  development  of 
double-glazed  insulating  glass.  The  Northward  filtration  of 
slab-built  homes  has  resulted  from  better  materials,  stronger 
and  lighter  concrete  products,  not  from  construction-method 
innovation . 

Two  other  postwar  innovations  in  construction  methods 
per  se  do  entail  substantial  efficiency  gains:  the  use  of 

2"  X 3"  rather  than  2"  x 4"  studs  and  plates  in  non-load- 
bearing partitions  and  the  employment  of  a 24-inch  framing  module 
instead  of  the  traditional  16-inch  one.  Adoption  of  a 24-inch 
module  allows  a somewhat  less  than  one-third  reduction  in  the 
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DUfflber  of  studs  and  a corresp'mding  decrease  in  the  labor 

required  for  wall  framing.  The  use  of  2"  x 3"  lumber  decreases 

the  cost  of  interior  partitions  by  about  twenty-five  percent. 

As  with  the  other  changes  in  building  method,  these  innovations 

do  not  represent  fundamentally  new  assembly  concepts.  Instead, 

they  stem  from  the  fairly  recent  development  of  lumber  quality 

grading  (supervised  by  the  Commerce  Department's  American 

Lumber  Standards  Committee)  and  from  better  engineering 

knowledge  about  lumber  stress  characteristics,  which  has 

established  that  these  new  practices  entail  little  or  no 
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added  safety  risk.  Interestingly,  the  24-inch  framing 
module  may  represent  better  engineering  than  the  16-inch 
module  because  joists  can  be  placed  directly  over  the  stud. 

Somewhat  more  important  than  innovation  in  construction 
methods,  according  to  industry  sources,  have  been  the 
improvements  in  power  tools  and  the  greater  use  of  heavy 
equipment  during  the  past  two  decades.  Circular  handsaws, 
powered  mechanical  hoists,  compressed-air  jackhammers  and 
nailguns  have  all  increased  the  productivity  of  laborers. 

Though  no  estimates  of  the  cost  savings  attributable  to  tool 
improvements  have  been  found,  one  conjecture  is  that  nailguns 
alone  decrease  framing  time  by  about  twenty  percent.  Power 
bandsaws  may  have  generated  savings  of  similar  magnitude. 
Bulldozers,  backhoes  and  other  heavy  equipment  have  decreased 
the  time  and  cost  of  site  preparation  and  excavation. 
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It  appears  that  the  most  important  technical  changes  in 

residential  construction  have  been  innovations  in  materials 

and  the  pre-assembly  techniques  discussed  earlier.  When 

three  industry  experts  were  each  asked  to  list  the  five  most 
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important  postwar  cost  saving  innovations  in  construction, 

only  one  response  (the  use  of  2"  x 3"  studs)  did  not  involve 

new  materials  or  pre-assembly.  The  other  responses  were: 

prefabricated  roof  trusses  (3  responses),  plastic  drain, 
waste  and  vent  piping  (3),  other  prefabricated 
components  (2,  both  of  the  respondents  mentioned  roof 
trusses  separately  first,  then  cited  other  components: 
pre-hung  doors  and  windows,  prefabricated  stairways  .ind 
panellized  construction),  speciality  plywood  (2), 
gypsum  wall  board  (2),  insulating  materials  (1),  heat 
pumps  (1),  molded  bathroom  facilities  (1). 

The  importance  of  materials  and  pre-assembly  innovations 

in  technical  change  is  emphasized  by  other  industry  experts. 

Johnson's  enumeration  of  "important  innovations"  in 

residential  construction  during  the  two  decades  after  World 

War  II  includes  some  120  items,  more  than  70  of  which  are 

materials  improvement  or  pre-assembly.  The  most  important 
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innovations  noted  by  Johnson  include' 

- gypsumboard 

- improved  plywood  and  plywood  products 

- particleboard 

- prefinished  siding  and  floor  and  wall  coverings 

- light  gage  steel  I-beams  and  adjustable  columns 

- plastic  piping 

- molded  plastic  bathroom  fixtures 

- washerless  and  single-level  faucets 

- improved  electric  heat  pumps 

- improved  gas,  oil  and  electric  furances 

- ready  mix  concrete 

- insulating  glass 
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- polyethylene  vapor  barriers 

- Improved  construction  hardware 

- acoustical  celling  tile 

- indoor-outdoor  carpeting 

In  addition  to  improvements  in  wood  products — particleboard, 
plywood,  etc. — the  intrtiuction  of  plastics  into  homebuilding 
has  reduced  total  costs.  The  most  well-known  products  are 
ABS  (acrilonitrile-butadiene-styrene)  and  PVC  (polyvinyl- 
chloride) plastic  drain,  waste  and  vent  piping.  Industry 

sources  suggest  that  ABS  and  PVC  piping  are  employed  at  cost 
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savings  of  about  25  percent.  Polyethylene  is  widely  used 
as  a vapor  barrier  under  slabs.  It  is  estimated  that  this 
practice  has  a 40  percent  cost  advantage  over  the  former  technique, 
hot-mopped  felt.  Molded  plastics  have  found  increasing  use 
in  one-  and  multi-piece  bathroom  components,  "significantly” 
reducing  costs. 

Hard  evidence  on  the  cost  savings  or  increased  output 
attributable  to  these  innovations  does  not  exist,  and  any 
numerical  estimates  are  merely  well  informed  opinion. 

How  well  do  the  details  of  industry  innovation  correspond 
to  the  aggregate  productivity  trends  of  the  sector?  To  the 
extent  that  these  innovations  represent  cost  savings  on  small 
i.*Jividual  tasks  and  that,  in  the  aggregate,  these  tasks 
amount  to  less  than  half  of  the  costs  of  producing  housing 
services,  the  effect  of  technological  change  may  be  rather 
small  Indeed.  However,  since  output  quality  at  this  level 
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of  detail  is  quite  impossible  to  standardize,  some  fraction 

of  the  returns  to  innovation  may  not  be  fully  reflected  in 

productivity  measures  at  all. 

Innovation  in  housebuilding  arises  from  formal  and 

informal  research  and  development  which  may  be  undertaken 

by  housebuilders,  suppliers,  trade  associations  and  government 

Individual  housebuilding  firms  conduct  little  in  the  way 

of  research  and  development  activity.  Moreover,  it  is 

reported  that  "there  is  great  reluctance  on  the  part  of 

builders  and  even  housing  manufacturers  to  experiment  with 

new  products  and  techniques,  since  innovations  are  perceived 
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to  be  risky  under  many  market  conditions." 

The  number  of  research  scientists  and  engineers  employed 
in  the  construction  sector  suggests  that  resources  devoted 
to  R Sc  D is  quite  small.  In  1966,  the  Bureau  of  Labor 
Statistics  reported  800  scientists  and  engineers  (including 
those  with  bachelor's  degrees)  doing  research  in  the 

construction  sector,  about  1.7%  of  all  scientists  employed 
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in  the  sector.  In  1970,  the  figure  reported  was  1800.  The 

1974  National  Science  Foundation  survey  of  scientists  and 

engineers  reported  that  409  individuals  with  doctorates 
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considered  themselves  working  "principally"  on  housing. 

Some  measure  of  the  research  supported  by  trade 
associations  (in  this  case,  the  National  Association  of  Home 
Builders,  NAHB)  is  provided  by  its  scale  of  operation. 
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Willis  reports  in  1979  that  the  NAHB  research  foundation 

employs  a staff  of  "fewer  than  25  people,  including  secretaries, 

and  that  only  one  quarter  of  its  work  is  for  the  general 

benefit’ of  members,  and  that  the  other  three  quarters  is 
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proprietary  work."  Much  of  its  work  is  testing  products  of 

suppliers  to  provide  independent  verification  of  their 

properties.  Presumably  the  high  turnover  in  NAHB  membership 

contributes  to  its  small  scale  of  research. 

It  appears,  therefore,  that  a large  fraction  of  the 

innovation  in  housebuilding  is  the  result  of  R & D activity 

by  suppliers  or  by  government.  Public  sector  involvement 

is  discussed  in  the  next  section.  The  fraction  of  R & D by 

manufacturers  and  materials  suppliers  devoted  to  housing  is 

not  known  (and  in  many  cases  cannot  be  allocated).  However, 

in  contrast  to  other  potential  innovations  in  homebuilding , 

it  appears  that  the  economic  returns  to  R & D are  more  easily 

appropriable  by  the  developer  when  they  are  in  the  form  of 

identifiable  materials  and  not  improved  techniques.  Willis 

reports  impressionistic  evidence  that  suppliers'  R & D 

efforts  devoted  to  housing  are  low.  For  example,  interviews 

with  members  of  the  Producers'  Council  (the  trade  association 

of  the  manufacturers  of  building  products)  report  that  "very 

few  of  the  large  suppliers  devote  any  of  their  R & D effort 
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specifically  to  housebuilding.  Research  facilities  of 
particular  supplier  associations  such  as  the  Brick  Institute 
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of  America  and  the  AmerAcar.  Plywood  Association,  tend  to  be 
small. 

Important  to  the  profitability  calculus  of  R & D in 

building,  even  by  suppliers  of  new  materials  who  can  capture 

the  returns  to  successful  Innovation  privately,  is  the 

profile  of  market  penetration  of  a successful  product.  It 

has  been  estimat’d  that  a potential  innovator  must  be  prepared 

to  wait  eight  to  ten  years  after  product  development 

before  reaching  an  appreciable  fraction  of  the  market  for  new 
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dwellings.  Presumably,  the  diffusion  rate  of  new  products 
is  sensitive  to  their  relative  reduction  in  production  costs. 
But  if  most  potential  innovations  are  evolutionary  and  reduce 
costs  for  a small  component  of  the  building  production  process, 
this  suggests  that  the  rate  of  adoption  by  builders  will  be 
low.  This  can  be  expected  to  affect  the  ex  ante  R D 
decisions  of  suppliers  and  their  level  of  innovation 
investments. 

III.  PUBLIC  POLICY  COSTS  AND  EFFICIENCY 

A.  Cyclical  Sensitivity  and  Organization 
The  position  of  the  residential  construction  sector  as 
a large  but  volatile  component  of  total  investment  activity 
has  provoked  much  analysis  of  the  transmission  of  that 
volatility  and  of  its  impact  upon  the  economy  as  a whole. 

Until  recently,  however,  there  has  been  little  analysis  of 
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the  relation  between  instability  in  final  demand  and  the 
micro-behavior  of  firms.  Two  recent  works  have  related  the 
cyclical  sensitivity  of  the  sector  to  the  organization  of 

competition  and  the  performance  of  the  sector. 

44 

A short  paper  by  Manski  and  Rosen  presents  a verbal 
analysis  of  the  micro-economics  of  an  industry  characterized 
by  large  random  variations  in  demand.  The  authors  deduce 
five  general  propositions  based  on  the  general  assumption  that 
those  conditions  for  profit  maximization — relating  to 
production  technology,  output  size,  market  area,  and  choice 
of  output  product  itself — which  are  optimal  when  demand  is 
stable  are  different  from  those  that  are  optimal  when  demand 
is  unstable. 

First,  given  a choice  between  a production  technology 
that  is  efficient  within  a narrow  range  of  output  and  is 
quite  inefficient  outside  that  range  and  a production 
technology  that  is  "reasonable"  over  a wide  band  of  output, 
but  best  at  no  output  level,  there  will  be  a tendency  for 
firms  to  choose  the  latter  process  if  demand  is  unstable. 

Second,  given  a choice  between  hiring  labor  on  a long 
term  basis  and  hiring  workers  by  the  job,  there  will  be  a 
tendency  to  choose  the  latter  when  demand  is  unstable. 
(Presumably  if  demand  is  unstable,  firms  will  also  be  less 
likely  to  invest  in  on  the  job  training  for  workers,  even 
if  it  is  specific  training.) 
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Third,  given  a choice  between  producing,  at  equivalent 
cost,  a high  quality  perishable  product  and  a lower  quality 
storable  product,  the  latter  choice  will  be  made  if  demand 
is  unstable. 

Fourth,  given  a production  choic'j  oetween  an  output 
which  performs  a narrow  range  of  functions  well  and  others 
poorly,  and  an  output  which  performs  a broad  range  of 
functions  adequately,  the  latter  choice  will  be  made  if 
demand  is  unstable  as  long  as  net  fluctuations  can  be  dampened. 

Fifth,  given  a choice  between  developing  a small  market 
intensively  and  operating  in  a less  concentrated  manner  in  a 
larger  area,  the  latter  choice  will  be  made  if  net  fluctuations 
can  be  reduced. 

The  basic  conclusion  of  the  Manski-Rosen  analysis  is  that 
demand  instability,  under  these  conditions  creates  a tradeoff 
between  static  economic  efficiency  and  flexibility  in  response 
to  temporal  variation.  Flexibility  and  diversification  makes 
the  individual  firm  more  able  to  mitigate  the  shocks  of 
random  changes  in  demand. 

The  model  indicates  that,  when  denio.’zd  is  unstable,  the 
average  price  paid  by  consumers  is  higher.  Importantly, 
however,  the  profits  of  an  individual  firm  need  not  be  lower 
in  a world  of  demand  instability  than  in  one  of  perfect 
stability — since  instability  raises  costs  for  all  firms  and  the 
industry  demand  curve  need  not  be  perfectly  elastic. 
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Tbus,  while  demand  instability  may  be  costly  to  consumers  as 

a group,  it  need  not  be  costly  to  any  single  producer. 

Uanski  and  Rosen  discuss  this  view 

oi  cyclicality  in  demand  in  the  context  of  six  telephone 

Interviews  with  suppliers  to  the  residential  construction 

industry.  They  conclude  with  the  remarks:  "The  contribution 

of  industry  studies  to  an  understanding  of  the  behavioral 

implications  of  instability  is  more  potential  than  actual. 

Studying  the  detailed  structure  and  operations  of  specific 

industries  should  offer  a direct  and  fruitful  approach  to 

the  question  of  instability.  Unfortunately,  we  know  of  no 

industry  studies  which  have  tried  to  grapple  with  the 
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instability  question  in  a major  way." 

Thus  it  is  worth  noting  the  international  comparison  of 

residential  construction  and  housebuilding  recently  completed 
46 

by  Mark  Willis.  Willis  develops  a simple  model  of  the 
firm  facing  unstable  demand  which  is  a direct  extension  of 
the  Manski-Rosen  analysis.  Instead  of  postulating  an  industry 
populated  by  identical  firms,  however,  Willis  considers  the 
entry  and  exit  of  marginal  firms  as  demand  increases  and 
declines.  This  model  predicts,  for  residential  construction, 
that:  the  industry  will  be  highly  fragmented,  with  a large 

number  of  in-and-out  firms;  firms  will  use  non-specialized 
inputs  in  the  construction  of  new  dwellings;  construction 
firms  will  be  unlikely  to  use  production  processes  with  high 
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fixed  costs;  and  that  the  industry  will  oppose  public 
programs  that  would  Jeopardize  current  market  shares.  Willis 
interprets  his  results  as  implying  that  fewer  resources  wHl 
be  devoted  to  R St  D,  that  the  selection  of  R & D projects 
will  be  distorted,  and  that  firms  will  resist  new  products 
and  processes  of  a labor  saving  variety. 

Of  more  interest  than  the  theoretical  refinements  of 
this  model,  however,  is  the  empirical  evidence  presented  by 
the  author,  Willis  presents  a detailed  comparison  of 
aggregate  housebuilding  characteristics  in  the  United  States, 
England  and  France,  and  the  results  of  a series  of  interviews 
with  builders  and  suppliers  in  the  three  countries. 

Because  housing  starts  have  been  more  stable  in  England 
than  in  the  United  States  and  have  been  more  stable  in  France 
than  in  England,  a detailed  international  comparison  provides 
some  evidence  about  the  link  between  demand  conditions  and 
industry  structure.  Willis*  rich  statistical  and  anecdotal 
evidence  does  indicate  that  firm  sizes  tend  to  follow  the 
anticipated  pattern  that  French  firms  tend  to  be  more  capital 
intensive  than  English  or  U.S,  firms,  and  that  productivity 
trends  in  construction  show  that  increases  in  output  per  man 
hour  have  been  signiiicantly  larger  in  France  than  in  England, 
and  somewhat  larger  in  England  than  in  the  United  States. 

Willis  also  presents  sketchy  evidence  on  private  R & D 
activity  in  the  three  countries.  Although  this  evidence  is 
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far  from  satisfactory,  the  author  concludes  that  resources 
devoted  to  R & D are  relatively  lower  In  the  United  States. 

Willis  presents  a persuasive  argument  that  these,  and 
other  comparisons  of  performance,  are  causally  related  to 
demand  instability.  In  considering  the  evidence  presented, 
however,  it  must  be  recognized  that  both  the  extent  of 
public  housing  and  the  relative  size  of  contracts  for  public 
housing  IS  larger  in  France  than  in  England  or  the  United 
States;  moreover  the  historical  pattern  of  French  regional 
planning  activity  has  facilitated  the  growth  of  a few  large 
firms.  Finally,  for  the  essential  inferences  between  demand 
stability  and  the  progressivity  of  residential  construction 
the  analysis  has  two  degrees  of  freedom. 

Historically,  Savings  and  Loan  Associations  (S  8c  L's) 
have  provided  40  to  60  percent  of  new  home  mortgage  funds, 
and  maximum  interest  rates  offered  by  S 8c  L’s  have  been 
limited  by  regulation  Q.  As  a result,  when  market  interest 
rates  have  exceeded  ceiling  rates,  there  have  been  substantia] 
outflows  of  funds  from  S 8c  L deposits  to  other  forms  of  savings. 
Indeed,  during  the  period  1965-1980,  net  flows  into  savings 
and  loan  associations  have  been  strongly  and  negatively 
correlated  with  the  "spread"  between  passoook  and  regulation 
Q ceilings. 

Thus,  in  some  part,  the  extreme  sensitivity  of  mortgage 
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lendlng  and  new  construction  to  interest  rates  has  been  the 
result  of  public  regulation.  It  is  worth  noting,  therefore, 
that  this  source  ol  cylicality  in  housebuilding  will  be 
removed  by  the  Depository  Institutions  Deregulation  and 
Monetary  Control  Act  (PL96-221)  signed  into  law  on  March  31, 
1980.  Under  Title  II  of  the  act  regulation  Q and  other 
limitations  on  S & L activity  will  be  phased  out  over  the  next 
six  years.  Although  the  impact  of  interest  rates  on  new 
construction  activity  depend  more  directly  on  the  interest 
elasticity  of  demand  than  on  specific  regulation,  it  is  forecast 
(indeed,  it  is  intended  by  the  act)  that  the  reforms  of  1980 
will  increase  the  flows  of  deposits  into  savings  and  loan 
associations  and  will  make  mortgage  lending  more  stable. 

The  arguments  of  Manski,  Rosen,  and  Willis  indicate  that 
these  reforms  will  foster  productivity  gains  in  residential 
construction  and  will  stimulate  innovative  activity. 

B.  Geographical  Fragmentation  and  Local  Regulation 

Because  transport  costs  are  an  important  component  of 

materials  costs,  because  the  average  size  of  building  firms 

is  small,  and  because  (it  is  often  alleged)  local  tastes 

vary,  the  geographic  market  served  by  most  firms  is  quite 

small.  Among  the  giant  firms,  the  geographic  coverage  is 

not  large.  HUD's  survey  of  the  25  largest  builders 

revealed  that  they  operated,  on  average,  in  6 states,  while 

a sample  of  smaller  firms  (26th  through  100th  in  sales 
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volume)  operated  in  3 states.  Today,  the  largest  single 

builder,  U.S.  Homes,  operates  in  17  states  compared  with  10 
48 


in  1977. 


In  any  case,  the  production  process  is,  as  a result, 
affected  by  a diverse  set  of  public  policies,  highly  localized 
in  nature,  with  differential  impacts  across  smaller  firms 
and  with  more  complicated  effects  within  the  markets  served 
by  larger  firms. 

These  local  regulations,  derived  from  the  police  powers 
cf  the  individual  states,  and  justified  in  terms  of  health 
and  safety  responsibilities  delegated  to  local  authorities, 
include:  zoning  controls,  growth  control  and  environmental  ^ 

regulations,  subdivision  regulations,  and  building  code 
provisions.  n 

1 . Zoning,  growth  control,  environmental  and  subdivision 
regulat ions . 

The  classic  justification  for  zoning  regulation,  which 

t 

allocates  particular  land  uses  geographically,  is  to  internalize 
any  spillover  effects  arising  from  nuisance  land  uses.  The  . 
spatial  allocation  of  land  uses  achieved  by  zoning  removes 
or  reduces  these  externalities,  increasing  land  values  in 
the  residential  sector  (and  perhaps  in  non-resident lal  uses 

' * 

as  well ) . - ' ^ 

However,  since  most  locally  raised  revenues  are  derived  • • 
from  property  taxes,  the  fiscal  motive  for  zoning  in  suburban 
Jurisdictions  may  be  quite  strong.  If  public  services  are" 
provided  on  a basis  of  rough  equality  per  household,  local 
authorities  have  an  incentive  to  insure  that  the  marginal 
dwelling  provides  more  housing  services  (and  hence  local 
property  tax  revenues) 
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tban  the  average  house.  Thus,  in  practice,  zoning  regulations 
often  specify  minimum  lot  sizes  or  floor  areas  for  single 
family  housing  and  regulate  or  prohibit  multifamily  dwellings. 

The  effect  of  such  regulation  on  housing  costs  per  unit 
of  output  depends  upon  the  impact  of  local  ordinances  on 
the  cost  of  land  as  an  input  into  housing,  as  well  as  any 
additional  administrative  or  holding  costs  incurred.  If 
zoning  does  reduce  the  allocation  of  land  to  residential 
uses,  then  raw  land  costs  may  be  e.xpected  to  rise. 

Theoretical  analyses  of  the  effect  of  zoning  upon  land 

allocation  and  input  prices  to  housing  have  been  undertaken 

49 

by  Burstein,  Stull,  Hamilton,  and  Ohls,  et  al . Not 
surprisingly,  the  impact  of  zoning  upon  raw  land  prices 
depends  upon  the  amounts  of  developable  land  in  residential 
and  non-resident lal  sectors,  the  demand  for  development 
in  alternative  uses,  and  the  substitutability  of  demand 
across  civil  divisions  with  differing  regulations.  To  the 
extent  that  the  metropolitan-wide  system  of  land  use 
regulation  reduces  the  supply  of  developable  land  relative 
to  supply,  we  may  expect  prices  of  land  inputs  into  housing 
to  increase. 

Empirical  evidence  on  the  effect  of  zoning  regulation 
on  land  prices  is  broadly  consistent  with  the  hypothesis  of 
land  price  escalation.  Numerous  studies  have  concluded 
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that  zoning  ordinances  increase  the  value  of  otherwise 
identical  dwellings.  In  many  cases,  however,  this  effect 
of  zoning  may  be  attributable  to  the  externality  impact  of 
regulation . 

Of  more  Importance  to  the  supply  cost  of  new  housing, 

houevcr,  is  the  effect  of  density  restrictions  on  the  price 

of  vacant  land  or  new  housing.  Sternlieb  and  Sagalyn's 

analysis  concluded  that  large  lot  (low  density)  zoning 

increased  the  unit  price  of  land  for  new  single  family 

housing  built  in  New  Jersey  suburbs.''  Gleeson's  analjsis 

of  Brooklyn  Park,  Minnesota  estimated  that  two  thirds  of 

the  intra-city  variation  in  land  prices  (about  $1500  per 

acre)  was  attributable  to  zoning  designation  and  density 
50 

restriction.  “ Peterson's  analysis  of  Northern  Virginia 
suburbs  found  that  density  restrictions  had  a significant 
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and  quite  large  effect  upon  land  prices.  Peterson's 
results  are  consistent  with  land  price  a premium  in  response 
to  zoning  restrictions  which  varies  with  accessibility  to 
downtown.  At  a distance  of  10  miles  from  Washington  (Fairfax 
County,  Va.).  for  example,  parcels  zoned  1/2,  1,  2,  and  10 
units  per  acre  were  selling  for  $5,800,  $7,900,  $13,700,  and 

9 

$32,000  per  acre  respectively  in  1974. 

Reliance  upon  complex  environmental  and  growth  mnnagemeiu 
programs  has  increased  substantially  in  the  past  decade.  For 
example  in  1973,  one  jurisdiction  in  the  San  Franc isco-Oakl and 
area  had  growth  control  regulations,  three  years  later 

• 5.J 

thirty-one  civil  divisions  had  such  regulations. 

Dowell  reports  an  increase  of  1200  percent  in  the  number 
of  communities  imposing  environmental  and/or  growth 

55 

management  restrictions  during  the  period  1972-1977. 

Growth  control  and  environmental  management  incluae 
"open  space"  set  asides,  growth  timing  ordinances,  urban 
service  areas,  permit  limitations,  building  moratoriums,  and 
environmental  impact  review  and  compliance  procedures. 
Localities  typically  justify  these  controls  in  terms  of  the 
benefits  of  environmental  quality,  lower  municipal  service 
and  capital  costs,  lower  property  taxes,  and  the  preservation 
of  community  "character." 

Ellickson's  analysis  of  growth  management  restrictions 

56 

is  similar  conceptually,  to  the  analysis  of  zoning.  He 
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concludes  that  any  effective  growth  management  policy  Is 

likely  to  reduce  the  supply  of  new  construction,  to  Increase 

the  price  of  vacant  land,  and  to  increase  values  of  existing 

properties.  Some  empirical  evidence  is  available  on  the 

magnitude  of  price  increases.  Case  studies  of  San  Jose, 

Santa  Rosa  and  Petaluma,  California  all  conclude  that  the 

prices  of  existing  standardized  dwelling  units  have  increased 
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with  the  adoption  of  such  ordinances.  More  important  for 

our  purposes  is  the  effect  of  such  tools  on  rhe  supply  prices  of 

newly  constructed  dwellings.  The  San  Jose  analysis  estimates 

that  during  the  1968-1976  period  the  price  of  one  builder's 

standard  unit  increased  by  121  percent  and  43  percent  of  this 
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increase  is  attributable  to  gro.vth  control. 

Clearly  the  effect  of  such  restrictions  varies  with  the 

metropolitan  wide  level  of  their  imposition  and  with  the 

level  of  demand  for  new  units.  Thus  it  is  worth  nothing  that 

a recent  survey  of  the  San  Francisco  area,  where  housing 

demand  has  been  increasing  rapidly,  indicates  that  half  of 

the  jurisdictions  surveyed  had  imposed  some  type  of  absolute 
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moratorium  on  new  construction  at  some  point  since  1970. 

In  addition  to  the  effects  of  such  ordinances  on  land 
prices,  there  may  be  substantial  administrative  and  carrying 
costs  imposed  on  construction  firms  by  such  regulation.  For 
example,  Frieden  reports  that,  by  1965,  more  than  half  the 
states  imposed  some  form  of  environmental  impact  review  for 
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new  construction.  The  environmental  impact  statement  is 

typically  the  responsibility  of  the  developer,  and  is  often 

prepared  by  consultants  engaged  by  the  developer.  If  the 

developer  has  purchased  the  land  and  has  engaged  in  planning 

studies  (as  Frieden  claims  is  typical),  then  a lengthy 

review  process  Imposes  overhead  and  property  tax  costs  as 

well  as  the  carrying  costs  for  land.  Mueller  and  James 

estimate  that  the  costs  of  report  preparation  and  time  dcla\s 
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amount  to  only  $100-200  per  unit.  However,  it  has  been 

estimated  that  the  delay  costs  associated  with  the  provisions 

of  state  environmental  quality  regulations  in  California 
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amount  to  4-7  percent  of  total  cost  of  new  units.  In 
Hawaii,  comparable  figures  are  $325-450  per  unit  per  month 
of  delay.  Delay  costs  for  Edmonton  were  estimated  at  $700-900 
per  month. 

Subdivision  regulations  can  also  increase  the  unit  costs 

of  producing  new  housing.  Subdivision  ordinances  often 

require  a complex  package  of  off  site  investments  by 

developers  including  streets,  paths,  lighting,  landscaping 

and  sewers.  For  the  San  Francisco  metropolitan  area, 
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Rands  et  al . report  a range  of  development  fees  of  $800  to 
$5919  for  a single  detached  unit  in  1979,  and  a range  of  $3948 
to  $15,301  for  a seven  unit  multifaroily  dwelling. 
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In  the  San  Francisco  area,  Gabriel,  et  al . report  that  median 

64 

development  fees  were  $1907  per  unit  in  1979.  Rands,  et  al . 

report  a median  development  fee  for  single  family  houses  of 
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$2800  (or  3.5  percent  of  median  new  home  prices).  The 

private  provision  of  public  open  space,  bike  paths,  bus 

shelters,  parking  and  lighting  are  often  the  rule. 

Finally  there  is  some  evidence  on  the  costs  of  delays 

implied  by  development  review  procedures.  It  is  estimated 

that,  in  Houston,  the  process  adds  between  $400  and  $600  to 

6 6 

the  cost  per  dwelling  unit. 

The  net  effect  of  this  pattern  of  local  regulation  upon 
efficiency  in  the  production  of  a standardized  unit  of  residential 
services  depends  upon  several  factors. 

First,  to  the  extent  that  zoning  removes  or  mitigates 
harmful  externalities,  increases  in  land  values  reflect  higher 
levels  of  residential  services  consumed. 

Second,  to  the  extent  that  fiscal  zoning  is  successful, 
new  housing  costs  per  unit  of  service  are  increased  and 
resources  are  redistributed  toward  owners  of  pre-existing 
residential  capital. 

Third,  to  the  extent  that  environmental  and  subdivision 
regulations  increase  land  and  develop.nent  costs  in  accordance 
with  willingness  to  pay,  output  of  residential  services  is 
increased. 


Fourth,  to  the  extent  that  these  regulations  add 
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costs  beyond  those  required  for  health  and  safety,  or  beyond 

those  reflected  in  consumers'  evaluations,  they  Increase 

housing  costs.  It  has  been  frequently  alleged  that  the 

overall  effect  of  these  latter  regulations  is  excessive: 

indeed  it  has  been  estimated  that  "unnecessary  improvement” 

costs  increased  development  costs  by  almost  $900  per  unit 
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or  about  2.5  percent  in  Northern  New  Jersey. 

Fifth  and  last,  in  residential  construction  interest 
costs  and  carrying  charges  are  enormously  important.  Thus 
the  real  costs  imposed  by  delays  in  lengthy  compliance  reviews 
and  increases  in  the  elapsed  time  of  production  add  to  the 
unit  cost  of  new  housing  services  and  are  deadweight 
losses  to  society. 

2.  Building  codes. 

Despite  the  existence  of  a model  building  code  (or  perhap 
due  to  the  existence  of  at  least  five  "model"  building 
codes),  there  is  only  a modest  level  of  uniformity  a-mong  the 
approximately  8000  local  ordinances  which  set  standards  for 
the  construction  of  residential  housing.  In  addition  to 
differences  among  the  codes  themselves,  there  are  differences 
in  the  administrative  application,  enforcement  procedures, 
and  the  discretion  given  to  building  officials,  as  well  as 
the  avenues  of  appeal  to  review  boards  and  arbitration. 

Local  building  codes  include  three  types  of  information: 
definitions;  licensing  requirements;  and  standards. 
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Definltions  specify,  for  example,  what  constitutes  plumbing, 
while  licensing  provisions  specify  who  may  Install  plumbing. 
Finally  standards  specify  the  minimum  quality  or  physical 
characteristics  of  materials  or  their  performance  characteristics 

One  role  of  local  building  ordinances,  therefore,  in 
addition  to  the  promotion  of  health  and  safety,  is  the 
promotion  of  job  security  or  competition  among  labor  groups. 

In  addition,  however,  local  codes  ratify  innovative  activity 
by  permitting  new  techniques,  materials,  or  equipment  to  be 
used  in  construction.  For  the  evaluation  of  new  products 
and  techniques,  testing  laboratories  (such  as  Underwriters’ 
Laboratories)  pla\  a key  role,  but  no  testing  results  are  binding 
Thus  approval  by  any  testing  laboratory,  need  not  imply  product 
acceptance  by  any  jurisdiction.  The  difficulty  of  specifying 
performance  standards  instead  of  input  standards  means  that 
the  innovator  must,  in  principle,  submit  his  product  for 
testing  at  the  local  level.  The  criteria  for  acceptance  may 
vary  with  the  statutory  provisions  of  the  code  and  with  the 
competence  of  local  officials.  As  a result,  it  may  be  a long 
time  before  a cost-saving  or  quality-enhancing  innovation 
achieves  wide  usage  in  the  market. 

A number  of  states  have,  however,  adopted  mandatory 
state  codes  for  some  types  of  construction.  For  11  years 
the  state  of  Connecticut,  for  example,  has  had  a uniform 
code,  and  has  required  that  local  building  officials  be 
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certlfied  by  the  state.  There  is,  however,  considerable 
anecdotal  evidence  that  enforcement  is  far  from  uniform. 

It  should  also  be  noted  that  some  strides  in  uniformity  of 
state  codes  has  been  made  in  the  area  of  industrialized  and 
prefabricated  parts.  For  example,  in  California  a prefabricated 
unit  that  receives  certification  under  state  law  at  the  factory 
is  deemed  to  satisfy  any  local  requirements  in  the  state. 

Nevertheless,  to  the  extent  that  the  pattern  of 
permissable  materials  and  techniques  at  the  local  level  lags 
behind  best-practice  technology,  increased  unit  costs  of 
housing  result . 

There  is  conflicting  evidence  on  the  magnitude  of  excess 

costs  attributable  to  variations  in  building  codes.  Several 

studies  have  suggested  that  the  direct  effect  of  building 

codes  upon  construction  costs  is  small.  For  example, 

Maisel's  early  study  of  the  San  Francisco  housing  market 

concluded  that  an  increase  of  less  than  one  percent  in  the 

costs  of  newly  constructed  housing  was  attributable  to  "known 

08 

code  inefficiencies." 

Burns  and  Mittelback,  in  their  report  to  the  Kaiser 
Commission,  analyzed  a survey  conducted  by  House  and  Home 
(the  leading  trade  journal)  in  1958,  and  suggested  that  if 
the  10  most  "wasteful  practices'  required  by  building  codes 
were  eliminated,  the  average  cost  saving  for  single  family 
housing  would  be  from  5 to  7.5  percent.  "By  assuming  the 
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provisions  [of  building  codes]  are  randomly  distributed  and 
by  taking  account  of  their  varying  role  in  communities,” 
the  authors  conclude  that  . . the  estimates  represent 

69 

from  1.5  to  3 percent  of  the  price  of  an  average  house.” 

Several  other  analysts  have  come  to  different  conclusions, 

however.  In  expert  testimony  presented  to  the  Kaiser 

Commission,  Johnson  concludes  that  ".  . . in  large  urban 

areas,  it  may  be  possible  to  achieve  on  the  order  of  a 10  to 

15  percent  reduction  in  direct  construction  costs  [or  5 to 

8.25  percent  of  selling  price  by  Johnson's  calculations].  . . 

if  the  constraints  of  codes  and  restrictive  labor  practices 

arc  removed  and  if  the  industry  is  allowed  to  produce  as 
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efficiently  as  it  knows  how.”  Survey  evidence  gathered  by 

the  Douglas  Commission  indicated  some  real  cost  reductions 

achievable  by  mass  production  under  more  uniform  building 
71 

codes.  The  estimates  indicated  that  if  21  "excessive 
requirements" — not  all  of  which  are  necessarily  in  effect  in 
any  particular  jurisdiction — were  eliminated,  $1838  would  be 
cut  from  a typical  $12,000  FHA  insured  house.  This  represents 
a 15.3  percent  reduction  in  construction  cost  (or  roughly 
13  percent  in  sales  price,  if  one-fifth  of  selling  price  is 
the  land  component).  The  commission  report  also  notes  the 
problems  of  one  home  manufacturer  who  estimated  that 
producing  a standard  product  acceptable  to  the  jurisdictions 
within  his  six-state  market  area  would  increase  costs  by 
$2492  or  almost  21  percent. 
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Informatlon  cn  the  cost  increises  attributable  to 

excessive  code  provisions  gathered  more  recently  is  also 
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Inconclusive.  On  the  one  hand,  Uuth  and  Wetzler 
presented  regression  estimates  relating  prices  for  newly 
constructed  dwellings  to  a dunmy  variable  indicating  a 
locally  modified  building  code.  Their  results  suggest  that 
the  average  effect  of  local  code  variation  on  housing  prices 
is  only  about  two  percent.  On  the  other  hand,  Babcock  and 
Bosselman,  on  the  basis  of  interviews  with  builders  in  Ohio, 
concluded  that  codes  could  more  than  double  the  cost  of 
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producing  residential  structures. 

An  analysis  of  the  diffusion  of  innovation  in  homebuilding 
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was  undertaken  by  Oster  and  Quigley.  For  a sample  of 
jurisdictions,  they  considered  the  provisions  of  local  codes 
which  permitted  or  barred  a number  of  construction  practices-- 
all  of  which  were  generally  agreed  to  be  best  practice 
(included  were  2"  x 3”  studs  and  24”  framing  in  non-load 
bearing  partitions  discussed  earl.er).  Their  analysis 
indicated  that  many  proxies  for  the  competence  of  local 
officials  and  for  the  importance  of  local  interest  groups 
affected  the  speed  of  diffusion  greatly.  In  an  earlier 
version  of  this  paper,  they  estimated  logistic  diffusion 
paths  for  several  innovations.  These  curves  suggested  that 
the  interval  of  time  between  the  year  when  10  percent  of 
jurisdictions  permit  an  innovation  and  the  year  when  90 
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percent  grant  permission,  may  be  as  long  as  thirty  years. 

More  important  than  the  static  excess  cost  inefficiencies 
of  building  regulation,  therefore,  may  be  the  dynamic  effects 
of  these  barriers  upon  the  aggregate  level  of  R & D effort 
and  Its  allocation.  With  relatively  long  payback  periods 
and  with  important  local  interests  at  stake,  the  ex  ante 
profitability  of  research  in  building  materials — is  probably 
reduced,  when  compared  to  other  research  activities,  and 
the  allocation  of  activity  between  labor-saving  and 
capital-saving  innovation  may  be  affected. 

It  is  difficult  to  estimate  the  aggregate  effect  of 
these  types  and  patterns  of  local  regulation  upon  the  supply 
cost  of  housing.  To  some  extent,  the  overall  pattern  of 
these  regulations,  no  doubt,  promotes  health  and  safety  or 
reflects  willingness  to  pay  for  improved  housing  services. 

To  that  e.xtent,  associated  increases  in  housing  costs 
represent,  not  inefficiency,  but  increased  output  of  housing 
services.  To  a large  extent,  however,  these  regulatory 
patterns  represent  attempts  at  redistribution  from  new 
residents  and/or  construction  firms  to  owners  of  existing 
properties  or  to  other  local  interests,  such  us  craft  labor. 

To  the  extent  that  this  redistribution  is  successful, 
it  increases  construction  costs  and  generates  additional 
losses  through  excess  carry ug  costs.  Finally,  it  may 
affect  both  the  level  and  distribution  of  private  research 
and  development  activity. 
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C.  Federal  Support  of  R & D Activity 
As  late  as  1960,  the  Housing  and  Home  Finance  Agency, 
the  direct  predecessor  to  the  Department  of  Housing  and 

T6 

Urban  Development,  had  an  annual  research  budget  of  $15,000. 

The  Building  Research  Advisory  Board  (BRAB)  had  been  in 

existence  for  11  years.  BRAB,  a committee  of  the  National 

Research  Council  (NAS)  had  been  e.stablished  in  1949  as  a 

non-governmental  agency  to  stimulate  and  coordinate  research 

and  technology  in  the  construction  industry.  One  reason  for 

BRAB's  establishment,  it  is  asserted,  was  +o  limit  any 

federal  role  in  housing  research  contemplated  as  a result  of 

77 

the  1949  Housing  Act.  The  1949  Housing  Act  had  authorized 
research  on  housing  codes  and  technology,  but  following 
industrial  opposition,  appropriations  were  suspended  in  1953. 
By  1960,  some  small  fraction  of  the  activities  of  the 
National  Bureau  of  Standards  was  also  devoted  to  building- 
related  activities. 

In  1962,  the  Civilian  Industrial  Technology  Program 
(CITP)  was  proposed  by  the  Kennedy  administration — a 
Department  cf  Commerce  effort  to  foster  technical  change  in 
selected  backward  industries,  notably  housing  and  textiles. 
Congressional  and  industry  opposition  prevented  the  CIPT 
program  from  being  adopted,  but  from  BRAB's  opposition  to 
CII^  came  a proposal  for  an  expanded  role  for  building 
research  in  the  National  Bureau  of  Standards  (NBS). 


The 
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present  Center  for  Building  Technology,  a division  of  the 
Institute  for  Applied  Technology,  NBS,  is  a descendent  of 
the  BRAB  proposal. 

The  Center  for  Building  Technology  is  the  closest  thing 

to  a U.S.  national  research  laboratory  for  the  construction 

and  housing  industries,  analogous  to  national  laboratories 

in  Scandinavia,  France  and  England.  The  principal  difference 

is  that  the  I'  S.  testing  facility  in  MBS  has  no  authoriti  to 

promulgate  or  enforce  stand.irds  itself.  In  1978  the  Center 

employed  a st.iff  of  250,  including  170  professinals,  had  a 

budget  of  $14  million,  and  was  engaged  in  a limited  variety 

of  testing  and  rese.irch  act  i\i  ties. 

CurrentU,  the  stand.irds  evaluat  ion  and  testing  role  of 

NBS  IS  supplemented  b>  the  National  Institute  of  Building 

Sciences,  a non-governmental  advisory  board  authorised  by 
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the  Housing  Act  of  1974,  but  not  established  until  1977. 

Before  the  establ  ish.ment  of  HUD  in  1965,  federal 

research  on  building  technology  was  virtuallj  non-existent. 

By  1969,  HUD's  research  budget  was  less  than  $.5  million, 

in  1970  it  increased  twenty  fold,  and  by  1980  it  is  at  a 
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level  of  $53  million.  Only  a small  fraction  of  these 
funds  are  allocated  to  building  research,  per  se.  In 
FY  1977,  for  example,  the  largest  fraction  of  HUD's  research 
budget  was  spent  on  housing  assistance  research  (principally 
on  housing  allowances  themselves  and  on  analyses  of  the 
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behavior  of  recipients);  17  percent  was  allocated  to 

community  development  and  neighborhood  preservation  research, 

and  11  percent  was  spent  on  state  and  local  government 

research.  Roughly  a quarter  of  the  budget  is  spent  on 

bousing  energy  conservation,  safety,  standards,  management, 
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and  maintenance  research. 

Table  10  indicates  the  level  and  distribution  of  HUD 

administered  federal  research  funds  from  FY  1974  through  1980. 

HUD  sponsored  research  has  declined  modestly  in  nominal  terms, 

more  substantially  in  real  terms,  during  the  recent  period.  In 

contrast  to  other  federal  research  acitivities,  housing  research 

has  represented  0.22  to  0.25  percent  of  federal  research  funds. 

The  HUD  research  budget  is  roughly  10  percent  of  the  Department 

of  Agriculture  research  budget,  the  Department  of  Denfense 

research  budget  is  about  20  times  as  large. 

Of  course,  the  HUD  research  budget  does  not  represent 

the  only  federal  resources  devoted  to  residential  construction 

technology.  As  noted  in  Table  10  substantial  research  on  residential 

construction  is  funded  by  the  Department  of  Energy  and  more 

limited  research  is  sponsored  by  the  Department  of  Defense 

(and  the  Corps  of  Engineers),  as  well  as  OSHA , EPA,  CPSC,  GSA 

8*^ 

and  the  National  Science  Foundation.  " The  e.xact  split 
between  basic  and  applied  research,  between  research  on 
techniques,  materials  and  regulation  is  unknown,  and  in 
contrast  to  most  Western  European  nations,  there  is  no 
centralization  of  research  activity. 

It  may  be  instructive  to  consider  the  one  major  attempt 
by  the  federal  government  to  foster  an  improved  production 
technology,  to  rationalize  regulatory  standards,  and  to 


create  a more  stable  environment  for  residential  construction. 
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Table  10 


Level  and  Distribution  of  HUO  Administered  Federal 
Research  Funds  1974-1980 


1974 

1975 

housing  assistance 
research 

$16.2 

$15.6 

safety  and 
standards 

2.9 

4.1 

state  and  local 
government  and 
research 

7.8 

8.1 

program  evaluation 
and  support 

2.7 

other  HUO 
research 

33.3 

36.6 

total  HUD 
research 

$60.2 

$56.6 

energy  conservation 
and  standards  (DOE 
transfer) 

1_9^* 

1977* 

1978 

1979* 

1980' 

$15.6 

$15.8 

$12.6 

$9.8 

$9.8 

4.8 

6.1 

3.7 

3.2 

2.9 

5.4 

8.6 

3.8 

4.3 

5.3 

5.9 

8.6 

32.3 

36.2 

39.7 

39.0 

31  7 

$61.9 

$71.0 

$61.3 

$57.9 

$53.0 

32.5 

21.7 

6.4 

•estimated 

Source:  Department  of  Housing  and  Urban  Development,  HUD  Statistical  Yearbook, 

US  GPO,  1974-1980. 
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1.  Operation  Breakthrough®^ 

The  housing  act  of  1968  expressed  as  a goal  the  completion 
of  26  million  additional  dwelling  units  in  a ten  year  period, 
an  average  annual  figure  that  was  forty  percent  larger  than 
average  annual  number  of  housing  completions  during  the 
previous  fifteen  years.  In  response  to  the  report  of  the 
Douglas  Commission,  which  had  included  optimistic  projections 
on  the  possibilities  for  industrialized,  mass  produced 
housing,  the  act  included  Section  108  to  "encourage  the 
use  of  new  [construction]  technologies."  This  section 
authorized  the  Secretary  to  select  plans  for  the  development 
of  housing  using  new  technologies,  to  construct  at  least 
1000  dwellings  a year  for  five  years  using  five  different 
technologies,  to  evaluate  the  technologies,  and  to  report 
the  findings  to  Congress. 

Governor  George  Romney  became  Secretary  of  Hl'D  in  January  1969 

without  a program  but  with  a clear  mandate  from  the  previous 

Congress  to  increase  the  supply  of  housing  quickly.  "Operation 

Breakthrough"  was  announced  at  a press  conference  in  May 

1969  and  formed  the  basis  for  much  of  the  new  Secretary's  testimony 
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before  the  Senate  that  month.  Section  108  of  the  housing  act  had  beei 

written  rather  narrowly,  it  was  intended  to  test  whether 

economies  of  scale  existed  for  ccitain  promising  technologies, 

and  to  report  the  results  to  Congress.  According  to  the 

Secretary,  the  design  of  Operation  Breakthrough  thus  included 

an  attempt  to  use  off-site  factory  methods--"new  technologies"-- 

to  Increase  the  housing  supply  rapidly.  Such  a rapid 

increase  in  production  required  some  understanding  and 

modification  of  other  institutional  factors — the  cyclical 
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nature  of  demand  and  the  pattern  of  regulation--as  well  as 
a successful  test  for  the  presence  of  economies  of  scale 
along  the  way. 

Operation  Breakthrough  "attempted  to  increase  the 

efficiency  of  the  market  mechanism  for  housing  output  by 

reducing  the  institutional  barriers  among  the  various  segments 

of  the  industry  (localized  building  codes,  zoning  laws,  etc.). 

Such  action  was  ultimately  intended  to  increase  the  market 

incentives  for  privately  funded  R t D,  the  results  of  which 

would  permit  the  industry  to  respond  in  a timely  and 

appropriate  fashion  to  [secular]  changes  in  supply  or  demand 

conditions  The  breakthrough  program  gave  heaviest  emphasis 

8G 

to  . . . the  more  specific  R & D policy  category." 

Operation  Breakthrough  would  be  implemented  in  three 
phases:  Phase  I,  Design  and  Development,  on  cost  plus 

contracts  with  an  expected  duration  of  2-4  months;  Phase  II, 
Prototype  Completion,  also  on  cost  plus  contracts  with 
production  in  another  12  months;  and  Phase  III,  Volume 
Production,  to  last  indefinitely. 

Initially,  about  1000  design  prototypes  developed  during 
Phase  I were  to  be  constructed  during  Phase  II  on  widely 
varying  geographic  sites.  These  prototypes  would  serve  as 
sales  models  for  Phase  III  production.  During  this  period 
as  well,  NBS  would  conduct  laboratory  and  field  tests  to 
verify  their  acceptability.  Certificates  of  acceptance 
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would  be  issued,  and  the  producers  would  then  manufacture 
their  systems  for  sale  at  a private  profit.  Originally  each 
producer  would  install  5 to  7 housing  systems  to  increase 
the  chances  of  successful  marketability. 

Phase  II  construction  required  the  selection  of  site 
planners,  site  developers,  and  site  locations , as  well  as  the 
selection  of  housing  manufacturers.  In  addition,  during  Phase 
II,  HUD  would  support  state  and  local  studies  to  identify 
sites  for  full  scale  production. 

Note  the  design  of  this  ambitious  program.  It  would  not 
be  until  several  years  after  volume  production  had  been  underway, 
that  the  congressional  mandate  (to  test  economies  of  scale  in 
the  market)  would  have  been  fulfilled.  Note  also  that  the 
Operation  Breakthrough  program  originally  planned  to  subsidize 
only  1000  units  before  beginning  volume  production.  Section  108 
!iuthorized  instead  a test  of  25,000  subsidized  units  before 
submitting  a feasibility  report  to  Congress. 

Apparently,  Operation  Breakthrough,  as  originally 

conceived,  would  produce  houses;  and  factories  to  produce  houses, 

and  institutional  regulatory  reform,  and  research  and  development 

of  new  technologies,  and,  in  addition,  would  provide  a 

demonstration.  Within  HUD,  the  Office  of  Research  and  Technology 

was  elevated  to  Assistant  Secretary  level  and  two  former  NASA 

/ 

officials  were  recruited  to  the  program.  The  Rxjsearch  and 
Technology  office  emphasized  community  development,  analysis 
of  the  entire  delivery  system,  and  the  potential  for  modern 
management  techniques. 


-60- 


Phase  I RFP's  were  issued  in  June  1969  and  firms  had 

90  days  to  respond.  More  than  600  proposals  were  submitted 

(Instead  of  the  50-100  expected),  and  HUD  had  5 months  to 
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evaluate  their  technical  and  cost  characteristics.  The  22 
winning  firms,  announced  in  February  1970  included  several 
firms  new  to  the  housing  industry  (e.g..  Republic  Steel)  and 
four  aerospace  contractors.  Ten  of  the  systems  selected 
were  of  modular  design,  nine  were  panel  designs,  and  thrt  : 
used  component  assemblies. 

Eleven  sites  were  selected  for  Phase  II  in  response 
to  218  proposed  by  communities  in  36  states.  With  the 
exception  of  New  England, they  represented  broad  geographical 
coverage.  Funding  cutbacks  subsequently  eliminated  two  of 
these.  Finally,  eleven  site  planners  and  developers  were 
selected  by  June  1970. 

At  Secretary  Romney’s  request,  the  appropriations  of  the  Office 

of  Research  and  Technology  were  increased  twentj’  fold,  from 

$.5  million  to  $10  million.  Policy  decisions  to  emphasize 

integrated  community  development  increased  design  and 

evaluation  costs  for  a fixed  Operation  Breakthrough  budget  of 
88 

$60  million. 

With  three  months  to  respond  to  the  Phase  I RFP , it  was 
clear  that  potential  entrants  were  forced  to  rely  on 
"off-the-shelf"  technologies,  which  would  then  be  tested  and 


refined  during  the  2-4  month  development  effort.  The 
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development  of  evaluative  criteria  was  entirely  HUD’s 
responsibility,  since  HUD's  certificate  of  acceptance  would 
certify  health,  safety,  habitability,  and  (perhaps  implicitly) 
marketability  of  the  dwellings. 

A hard-nosed  decision  to  design  appropriate  performance 
specifications  and  conduct  tests  relative  to  performance  was 
required  if  the  prototypes  were  to  be  marketed  at  all  in 
other  localities  with  restrictive  code  provisions,  and  if 
subsequent  R & D was  to  be  stimulated.  This  proved  to  be 
a difficult  undertaking,  requiring  time  and  money  as  well 
as  the  redesign  of  more  than  half  of  the  prototype  plans. 

Phase  I was  scheduled  for  completion  by  August  1970,  but 
was  not,  in  fact,  completed  until  one  year  later. 

The  NBS  development  of  performance  based  codes  was 
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reported  in  four  volumes.  The  codes  also  contained  novel 
provisions  concerning  the  habitability  and  durability  of 
dwellings.  The  performance  standards  in  the  codes  necessitated 
some  "reasonable  engineering  judgments,"  (Much  as  building 
codes  themselves  often  do  in  practice).  Some  ambiguity  was 
introduced  between  the  development/designer  interpretations 
and  the  NBS  interpretation.  More  importantly,  however, 
ambiguities  were  introduced  into  the  interpretations  of  FHA 
underwriters  and  potential  leaders. 

As  precious  time  was  lost  during  the  initial  phase 
(and  as  it  was  feared  that  more  precious  momentum  would  be 
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lost  with  further  delays),  the  strategy  of  parallel  R t D 
was  introduced.  Parallel  R & D had  been  successfully 
employed  for  a decade  at  NASA  in  producing  pure  hardware. 

Apparently  the  strategy  of  parallel  R & D proved  very 

costly.  Four  divisions:  technical,  site  planning,  "market 

aggregation"  (i.e.,  subsequent  marketing  under  Phase  III),  and 

financing,  each  conducted  development  activities  simultaneously. 

The  relationship  among  these  activities  was  not  v/ell-known 

ex  ante,  and  the  implications  of  alternative  development  in 

any  one  division  were  hardly  understood.  As  a result, 

valuable  "time  was  used  up  redesigning  housing  systems  and 

reallocating  them  across  sites  to  meet  financial  commitments 

arranged  before  the  sites  and  systems  had  been  completely 
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designed  and  evaluated." 

Substantive  changes  had  to  be  made  in  more  than  half  of 
the  housing  systems,  increasing  costs,  removing  innovative 
components  and  leaving  little  time  for  dispassionate 
evaluation  of  the  redesigned  systems.  By  the  time  the 
implications  of  this  were  understood,  it  was  simply  too  late; 
site  development  and  mortgage  financing  for  Phase  II  had  been 
locked  in. 

Phase  II  contracts  were  signed  with  21  of  the  22  building 
firms  and  with  the  site  developers.  For  legal  reasons,  these 
contracts  were  ultimately  on  a fixed  fee  basis,  which 
increased  the  risk  to  manufacturers.  More  importantly. 
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however,  HUD  was  in  the  position  of  being  unable  to  acquire 
legally  any  comparative  cost  data  from  Phase  II. 

Given  budgetary  realities,  Phase  II  could  only  be 

financed  by  privat®  mortgage  financing  backed  by  FHA.  FHA 

had  already  seen  its  primacy  within  HUD  eclipsed  by  the 

elevation  of  the  Office  of  Technology  and  Research.  The 

Assistant  Secretary  for  Housing  Production  and  Mortgage 

Credit,  a former  president  of  the  National  Association  of 

Home  Builders,  allegedly  interpreted  Operation  Breakthrough 
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as  an  attempt  to  "federalize"  residential  construction. 

In  any  case,  applications  for  financing  Phase  II  and  Phase 
III  were  not  expedited  at  local  HUD/FHA  offices.  Of  more 
import,  however,  was  that  designs  were  up  to  the  new 
performance  standards,  not  the  input-related  (and  FHA 
established)  Minimum  Property  Standards  (MPS).  Finally,  the 
MPS  were  themselves  under  review,  and  many  in  the  industry 
were  quite  nervous  that  MPS  would  be  replaced,  in  an  instant, 
by  the  NBS  performance  criteria.  In  any  case,  FHA  financing 
arrangements  required  complicated,  lengthy,  and  costly 
procedures 

The  first  Phase  II  prototype  (in  Kalamazoo , ^ the 
Secretary's  home  state)  was  completed  in  March  1972.  Most 
of  the  other  sites  were  about  a year  behind  schedule.  At 
this  point,  given  the  lengthy  delays  and  the  loss  of 
momentum,  it  was  decided  to  permit  Phase  II  and  Phase  III 
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operations  in  tandem,  subject  to  the  condition  that  Phase 

II  prototypes  be  "sufficiently  advanced."  According  to  the 

NAS  review,  levels  of  quality  assurance  were  quite  low, 

especially  when  compared  to  the  design  tests  which  had  been 
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imposed  in  Phase  I. 

As  Phase  II  and  Phase  III  proceeded  in  tandem,  federal 
rent  subsidies  and  Section  236  subsidies  were  offered  for 
Phase  III  units  to  speed  production  of  Phase  II  prototypes. 
For  the  17  producers  who  intended  to  proceed  to  Phase  III, 
the  inducement  to  complete  the  prototypes  was  quite  strong. 
Section  236  set  asides  of  1000  units  per  producer  were 
offered.  For  the  other  4 producers,  this  provided  no  added 
inducement  to  complete  the  "experiment"  in  a timely  fashion. 

As  a result  of  the  difficulties  with  the  FHA,  HUD 
authorized  the  redesign  of  Phase  III  to  accommodate  local 
building  codes  and  IfPS. 

On  January  16,  1973,  President  Nixon  imposed  an 
indefinite  moratorium  upon  new  allocations  of  Section  236 
subsidy  moneys. 

The  rest,  as  they  say,  is  "history."  The  original  1000 
subsidy  units  per  producer  was  honored,  but  no  additional 
units  were  authorized.  Producers  were  forced  to  substitute 
"standard"  components  and  procedures  for  "innovative 
technologies"  to  comply  with  MPS,  at  increased  site  and 


off-site  costs. 


In  all,  about  25,000  Phase  III  units  were  completed  In 

150  different  developments  using  Section  236  set  asides. 

Only  1500  units  were  completed  lor  unsubsidized  occupancy 
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at  market  interest  rates. 

As  of  1977,  less  than  7000  innovative  units  had  been 
marketed  outside  of  Operation  Breakthrough  by  these  firms 
at  market  interest  rates. 

No  factory  came  close  to  completing  a single  volume  run. 
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The  me  tot  vehicle  industry  usu3ll>  rai.ks  high  in  impor^atice  cLTc-g 
American  industries.  In  19’’T.  the  vehicle  and  motor  industry  alone 
employed  1.6  million  workers  and  had  net  sales  of  $162  billio.n.^  A 
study  of  the  interaction  between  public  policy  and  innovation  in  this 
industry  should  be  interesting  in  its  own  right,  since  it  will  tell  us 
something  abo^t  a significant  fraction  of  industrial  activity  ir  the 
U.S.  It  will  also  yield  insights  into  the  problems  of  public  policy 
%rtien  government  agencies  face  oligopolies  and  into  the  strength  and 
weaknessess  of  regulatory  policies  which  try  to  induce  techr.oiocicril 
change . 


This  discussion  of  innovation  in  the  rotor  vehicle  me -s*-^  v:I.' 
deal  with  both  product  innovation  and  process  ir.noiaticn.  At  e ht.“.".i'  . 
It  is  important  tv'  distinguish  between  the  two.  Ej  orodjct  irnciutiu:  , 
we  mean  changes  in  the  final  producti  which  consumers  buy.  By  orocGSS 
innovation,  we  mean  changes  in  the  methods  b>  which  the  products  arc 
manufactured.  These  two  categories  are  not  wholly  separable;  charo'.  . 
in  product  characteristics  frequently  require  (or  follow  from)  changes 
in  manufacturing  techniques.  And,  at  the  limit,  discovering  how  to  maice 
the  Same  quality  automobile  with  fewer  infuts  and  discovering  how  tc 
make  an  improved  quality  automobile  with  the  same  inputs  have  a creat 
deal  of  conceptual  similarities.  Stilly  the  distinction  is  useful. 


Both  kind*  of  innovations  have  been  iaportant  in  the  aotor  vehicle 
industry,  but  regulatory  policy  has  been  largely  ained  at  product 
innovation.  This  could  be  contrasted  vith,  for  exeuople,  the  electric 
utility  or  steel  industries,  in  which  regulatory  policy  (externality 
regulation  of  air  and  water  pollution)  has  largely  affected  process 
innovation. 

The  remainder  of  this  paoer  will  be  organized  as  fuilows-  Section 
II  will  describe  the  general  industrial  t rganization  of  the  motor  vehicle 
industry.  Section  III  will  discuss  the  general  character  cf  technical 
progress  in  the  industry,  covering  both  product  innovation  and  piocess 
innovation.  Section  IV  will  review  the  major  government  policies  which 
have  influenced  technical  progress  in  this  industry.  Section  V will 
analyze  the  questions  that  can  be  raised  concerning  government  policies 
which  affect  technical  progress  in  this  industry.  And  Section  VI  will 


offer  somo  brief  conclusion! 
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II.  THE  IHDUSTRIAL  OUGAHIZATION  OF  THE  MOTOR  VEHICLE  INDUSTRY 

IlMre  «re  a n\sbar  of  iaportant  features  of  the  current  structure 

2 

of  the  doMCstic  Btotor  vehicle  industry:  The  major  ooapanies  are  large; 

they  are  few;  the  barriers  to  de  nouveau  entry  are  extremely  high;  in 
the  automobile  segment  of  the  industry  the  companies  are  dealing  largely 

A. 

With  unsophisticated  buyers  in^market  in  which  replacemen*  demand  is 
doirir.ant  and  bt.ird  loyalty  is  in^ortant;  and  lead  times  are  long,  large 
sums  riust  be  spent,  and  large  swinas  in  demand  are  possible,  all  of 
which  combine  to  create  large  iisks. 

General  Motors,  Ford,  and  Chrysler  are  the  leading  companies  in 
both  the  automobile  and  truck  markets.  The/  were,  respectively,  the 
second,  fourth,  and  sixteenth  largest  industrial  companies  (by  sales) 
in  the  United  States  in  1979.  The  fourth  largest  producer,  Airierican 
.Moters,  was  the  109th  largest  industrial  company  m 1979.  the  fifth 
largest  truck  producer.  International  Harvester,  was  the  27th  largest 
industrial  company  in  the  U.S. 

These  very  large  companies  have  tenvled  to  domirate  the  auto  and 
truck  areas.  Tabic  1 provides  the  average  North  American  prodjcticn 
shares  for  tlie  years  1976-1977.^  Table  2 provides  the  average  Unitec 
States  sales  sha.es  for  these  same  years.  Imj orts  have,  of  course, 
'jradually  taken  a larger  share  of  the  U.S.  automobile  marxet  ovc i th; 
past  25  years.  In  1979,  the  imi>ort  snare  w.is  J'i,  a’ d in  it  i.~ 

expected  to  rise  well  above  251.  Wlict^ei  the  19P0  figure  is  -i  te~p''_-. 
surge  or  the  begin  .ira  ot  a peimanent  pljtc_j  is  a subject  of  cirr’-.M 
debate  (and  cculd  be  aftected  by  currt*  t public  policy  decisiono  ci 
respect  to  tariffs  end  quotas)  Even  watt  tin.  in..l'jsion  ot  the  inr'**.' 
in  market  share  figures,  it  is  nevertheless  clear  that  tn  three  1 » . 
domestic  producers  still  dominate  the  market. 


Table  1;  Avar«ge  North  A—rican  Production  Shareg,  1976-1979 


Autoaobi le  Truck 

Average  Production  (nurbers)  9,940,000  3,923,000 

Shares: 


American  Hotojs  2.1%  4.9%'^ 

Chr>sler  1 ■.  5 13.1 

Fori  26.7  33.0 

Interr jt.oral  ria:\esttr’  3.4 

Ge.'terai  Motors  5"’.  ) 43.3 

Other  0.'/*  2.3 


a.  Incluies  Jee: 

b.  Incl.ies  Checker,  VolVsu.aoi  o .'rierica.  cni  Ivc  of  Ci.  .do 


Source: 


Motor  Vehicle  Manifocturei  s Associatior  1 19.  •) . 


Table  2t  Average  U.S.  Sales  (Registrations) , 1976-1979 


Average  Sales  (minbers) 
Shares: 

American  M.>tors 

Chrysler 

Ford 

Inter:  iticnal  Har.estex 
Ge-eril  Mvitor** 

Otl« : 


Automobile 


10,464,000 


i.et 

10.7 

22.1 


46. 


If.  6^ 


Tricks 


3,500,000 


3.91^ 
12.0 
33.0 
3.2 
4 • ■ 


a . Include , 0e« , 

b.  Includes  Checkei , Volkswjgon  of  America,  and  imports 


Source:  Automotl/e  News  (1960. 
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All  of  the  Ba]or  domestic  sianufscturers  are  characterized  by  exten- 
sive vertical  integration.  All  assernble  their  own  vehicles  and  produce 
all  or  most  of  their  ma3or  sheet  metal  stampings,  castings,  and  drive 
train  congionents:  engines,  transmissions,  ay.ies,  etc.  All  produce  some 
of  the  otiier  parts  and  components  of  their  vehicles  and  buy  the  remainder 
from  parts  suppliers.  Despite  this  extensive  vertical  integration  in 
terns  of  processes  and  components,  however,  the  motor  vehicle  industry's 
vertical  integration^ when  measured  by  the  rate®  of  value  added  to  sales^ 

IS  only  at  or  below  the  average  for  all  manufacturing.  In  1976,  General 
Motors*  ratio  of  value  added  to  sales  was  48.5%;  for  Ford  it  was  39-0^, 
and  for  Chrysle;  it  was  33. 2t.  For  all  manufacturing  in  1976,  this  sanie 
ratio  was  43.1^, 

The  parts  suppliers  with  whom  they  deal  range  from  large  companies 
such  us  Be-div,  Motorola,  and  TRW,  which  ..re  also  in  the  Forture  500, 
to  small  muchinc  t'x.l  manufacturers  whoso  names  are  u* familiar  to  a-ycne 
outside  the  it'. tot  vehicle  industr'. . The  industry  is  .*ij^  a ma’i-'r  custeme 
of  the  stv.l,  alumii  _m,  rubber,  arj  rhcmic.ils  ind 'Stries. 

The  bairiets  to  entry  for  a new  ir  nutacturer  of  r-,tor  vchiiles  art 
■luitc  high.  The  only  enti  ints  into  the  U.S.  market  xn  the  j'tst  3f  vl  rs 
have  been  overseas  manufactuiers  who  already  had  a substantial  m.a---:  ict'Ti- 
base  and  an  established  product. 

The  automobile  market  is  lamely  one  of  technically  unsorhisticatf* 
buyers.  Replacement  demand  dominates  the  matket,  and  brand  loyalty  is  an 
important  pnenomenon,  i.e.,  if  a manufacturer  loses  sales  because  it  has 
produced  an  unappealing  product,  it  will  have  a difficult  tir'-  winning 


them  back. 


'y  ■ 
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Finally,  the  riaks  are  high.  New  oodels  require  four  to  five 
years  of  lead  tiate.  Hundreds  of  aillions  of  dollars  mut  be  spent 
well  before  a new  siodel  is  introduced.  BVyers  are  clearly  fickle 
and,  because  demand  is  largely  for  replacement,  can  delay  purchases 
and  retain  their  existing  cars  longer.  Swings  of  15*  or  s>ore  in 
annual  industry  sales  are  not  uncoonon,  and  even  larger  swings  in 
individual  conpany  sales  are  quite  possible. 

The  implications  of  this  industry  structure  for  innovation  are 
profound.  The  high  barriers  to  entry  mean  that  if  an  inder>endent  inno- 
vator has  a "better  idea"  for  a vehicle,  a major  component  (e.g.,  er.c^ne 
or  transmission),  or  a manufact-ring  p.ocess,  hi.!  only  liope  for  e.e'tua) 
success  lies  in  convincing  one  among  a literal  hindful  of  narufacturers 
of  that  ir.rovatic.n’ s worth.  He  has  virtually  no  hope  of  establishing 
himself  in  the  motor  vehicle  industry  so  as  to  produce  the  inno\.ti'. ' 
hinself.  T.Ms  situation  could  be  contrasted  with  that  in,  say,  far~ing, 
retailing,  or  apparel  manufacture,  in  wnich  efficient  scale  is  co-.^  arj- 
tively  small,  entry  is  compa -ativeiy  ees>  , and  .omeone  with  a "better 
idea"  could  realistically  expect  to  brine  it  into  produc'.icn. 

Further,  product  change  is  necessarv  to  jttrart  the  rt-ylare'-c' t 
demand.  Bat  product  change  is  risKy,  and  the  more  fundanentol  the  chang 

4 

the  riskier  it  is.  Given  the  lack  of  technical  sophist. cutiOii  c:  a.-tc- 
mtbile  customers.,  a strategy  of  relying  prim^.’-ily  rr  prcd..rt  tec'-'clrc. 
charges  would  be  quite  risky.  Buyers  miqht  not  resre-'.'  in  ur  y eve- t , 
and  a serious  technical  failu.e  could  bt  q.itc  costly  a-d  gam  the 
a reputation  ot  pxx>rly  engineeied  cars.  A st’atcuy  tha-  irstead  relics 
primarily  on  styling  model  charges  w.th  - .<'st  tcsl  log il  cha  i-es 


wpuld  be  less  risky ; a poorly  designed  model  would,  of  course  lose 
sales  but  there  would  be  no  long  run  reputation  involved;  in  principle, 
better  designed  models  in  the  future  could  regain  the  sales  (subject, 
of  course,  to  the  drags  of  brand  loyalty).  Even  process  charges, 
though  promising  cost  savings,  carry  the  risk  of  causing  defective  parts 
which  can  be  expensive  to  replace  and  can  earn  the  conpany  a bad  repjtation; 
agaii  , gradua.’is’'  is  likel>  to  be  the  fa’.oic:  strategy. 

he  now  tir.  to  the  actual  exj-crience  in  the  irutor  vci'icle  industry. 
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III.  THE  CHARACTEB  OF  TECHNICAL  PROGRESS 
A.  Product  Innovation 

It  is  difficult  to  provide  a quantitative  stateoent  of  the  nature 
and  extent  of  product  inprovements  in  the  motor  vehicle  Industry,  and 
we  shall  not  try  to  do  so  here.^  Instead,  we  will  offer  a more  quali- 
tative description  of  the  character  of  product  innovation. 

In  the  eight  decades  of  their  existence,  cars  and  trucks  have  ex- 
]:>erienced  substantial  product  Innovation.  Some  aspects  of  the  product 
have  remained  constant:  the  internal  combustion  engine  is  still  the 

primary  =ca. of  propulsion;  four  wheels  are  still  standard,  and  the 
driver  has  a seat  and  a steering  mechanism.  But  most  other  aspects 
of  vehicles  ha"e  undergone  substantial  changes:  the  size,  shape,  and 
efficiency  of  engines  and  their  emissions  (pollution'  tharacterist ics : 
the  nature  of  transmissions;  the  size , -weicht , comfort,  and  safety  cf 
the  \ehicle;  .ird  the  materials  used  !•'  t*  e vehicle. 

This  claim  that  there  has  been  substa-.ti  1 chat  ,e  -'oe'"  n't  rcjl!/ 
contrad.  :t  t*ie  conclusions  at  the  erC  5 irt  11.  First,  the  c.hjnuts 
have  taken  pi  ice  over  So  years.  Second,  the  current  scucture  of  the 
industry  took  shape  only  in  the  mid  19?0's.  A.!  the  e haS  Lee-,  u _.'-ti' 
time  pattern  to  the  industry's  innovation  beha'’ior. 

The  first  two  decades  of  the  twentieth  century,  prior  to  World  Wa: 
I,  of  gieat  fluidity  for  the  industry.  Overall  grov.->i  was 

rapid,  entry  was  easy,  many  firms  did  in  fact  enter  and  exit,  ard  market 
shares  fluctuated  extensively.  New  ideas  accompanied  the  new  firms,  and 
the  electrical  starter  motor,  the  V-8  engine,  the  closed  passenger  com- 
partment, and  significant  improvements  in  tires,  lights,  and  electrical 
systems  were  all  introduced  during  these  decades. 


The  two  decades  between  the  two  World  Wars  can  be  seen  as  a trans- 
ition period.  Entry  was  now  acre  difficult.  The  necessary  skanufacturing 
facilities  were  siorr  expensive;  a reliable  dealer  organisation  was  diffi- 
cult to  assemble.  A few  firms  tried  to  enter;  more  exited.  By  the  end 
of  the  1920 ‘s  the  same  three  companies  that  dr.ninate  today's  motor  vehicle 
market  had  a 72t  combined  market  share  of  the  auto  market.  In  the  early 
l‘’20*s  General  Mot.ii  s developed  its  basic  auto  marketing  strateqits: 

"A  car  for  every  puise  and  purpose,**  which  mean*,  blanketing  the  market 
with  models  in  every  price  range,  and  an  an.  .,al  model  change  which  would 
encourage  replacement  purchases  of  new  cars.  Walter  Chrysler,  a General 
Motors  "graduate",  revived  the  ailing  Maxvcl 1 -Chalmers  Corporation  in 
the  early  1920's,  became  president  in  1923,  brought  out  the  Chrysler  6 
the  fcllowi  iq  year,  and  changed  the  corpany's  name  to  his  own  the  year 
after  that.  He  raf idly  adopted  marketino  strategies  that  were  similar  to 
those  ol  General  Motors,  lord  too*,  longer  to  adopt  then,  but  evenf-al  ly 
did  so  ir  th<  late  19j0*s. 

With  enr  mi  r «•  ci‘:icult  i a*  .'rru.i'.e  naiketinc  emphas.s  o: 
s'  J t.g  an  i m,  1,  I chari'i-  s tor  ait'*  iii.'  w.th  iiKicurni  matuiitt  o'’ 
the  prod_.t  .tst’.f)  the  pact*  of  inr  «•••  at  ion  ap,  eats  to  have  slackt-neo 
sonew)  at  ir.  oiitos  Refinements  rontir.aiJ  to  bt  nauu . Cars  beuaru 
larger,  heatier,  and  mote  pow«.rful.  B>  tfu  1930's  bodies  were  all 
enclosed  and  entirely  of  steel.  **Aer..’dynam  c , " streamlined  designs 
replaced  the  square,  boxy  designs  of  1920's.  Automatic  transmissions, 
power  brakes,  and  power  steering  were  first  developed  for  larger  trucks 
and  buses.  At  the  end  of  the  1930*s  automatic  transmissions  were  beginning 
to  be  applied  to  automobiles,  but  the  cutbi«*ak  of  World  War  II  brought 


all  autocDobile  production  to  a halt. 


-//- 


It  is  worth  noting  that  the  aiMller  companies  in  the  Industry  appear 
to  have  accounted  for  a disproportionate  share  of  the  innovations  in 
the  industry  prior  to  World  War  XZ.^  They  aiay  have  been  Bore  willing 

to  taXe  the  risXi  of  product  change  because  they  were  less  able  to 
match  the  la:  ler  comjianies'  styling  model  changes. 

The  two  decades  between  the  late  194C's  and  the  late  1960'i 
weio  clearlv  a period  in  which  the  aLt<-.  market  focused  on  styling  aid 

rhaiiv'c.  Technological  advances  consisted  irirmril/  of  the  ri'i-.c- 
mc'it  a.il  spread  o'  the  major  pre-war  innovatiors  - autOT.jtic  fansr-ssion 
and  ; ow.r  c-gaifricol  - and  high  coirpiessi  >n  en.incs.  A qood  autc  iro.har... 
of  tlie  late  1940's  would  have  had  little  difficulty  in  understo'.dino  a 
car  of  the  late  I'lCO's.  Parts  suppliers  playeo  major  roles  in  nuny  of 
the  technological  developments  that  did  occur.  Technological  advar.ee". 
were  frequently  introduced  on  small  volume  exi  cnsivc  models  an^  ther.. 

It  successful,  gradually  ex[  anJed  to  othr>r  models  - a strategy  which 
cleat ly  rr'ured  risks. 

It  IS  worth  noting  that,  pi  lor  to  the  mi.i  19>j0's,  the  Federal 
Gcvetnm.'rt  h.id  no  ex;  licit  policies  w' ich  would  h .vc  in'luerictJ  in.  i- 
tioii  in  the  motor  vehicle  inhstiy.  P -t  . hy  rcfrainine  f jt  the  sc . - 
stall  lal  oasv'line  excise  taxes  .nd  horscjXDwei  taxes  th..t  have  tici.  thi 
stai.latd  poli.-ies  cf  iiKcst  luropean  covetrmets  and  by  cr  cc .,ra..iii.)  a- 
extens’vc  hiv.h  quality  highw.iy  system,  the  Federal  rovetnment  wa'"  imii.- 
citly  1 n ' luvn.  1 rg  the  patter. i of  vchi.'lc  development. 

The  FeJeial  Coxerrunent 's  explicit  non-involverent  came  to  un  enu 
in  1965>.  In  that  year.  Congress  authorized  the  s.'tting  of  emissioi 
control  staridards  for  vehicles,  and  the  following  yc.ir  it  authorized 
extensive  safety  standards.  (A  more  detailed  discussion  of  these  {>olicieb 


will  be  provided  in  Part  IV.) 
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These  standards  first  took  effect  in  the  1968  Bodel  year.  {Bnissron 
controls  had  been  required  earlier  in  the  1960's  in  California). 

The  standards  did  not  have  a serious  impact  on  the  iftdustry  until 
the  early  1970’ s.  The  1970  Amendments  to  the  Clean  Air  Act,  however, 
required  substantial  reductions  in  auto  emission  by  1975  and  1976,  and 
the  industry  (and  some  of  its  suppliers)  began  focusing  a substantial 
an.-unt  of  research  on  emissions  reduction.  The  industry's  inability 
tc  meet  the  original  deadlines  led  to  rep>eated  delays  in  the  scheduler 
imposition  of  the  stringent  standards,  with  full  imposition  now  scheduled 
f.-i  the  early  I'^bC's.  (Truck  emissions  ha.-e  always  been  regulated  more 
leniently,  and  comparable  reductK  ris  are  not  scheduled  until  the  mid 
19?0's;.  The  industry  in  t)it  early  19’0's  settled  on  a catalyst  tech- 
nology to  control  enissicns.  This  h.as  beer  supj  lemented  in  the  early 
19-'0‘s  by  electro-:.-  exhaust  scnsor.s  .in  i micrcpi ocessors  to  co-.tr  1 :'-e. 
ano  air  mixtures.  (In  the  early  1970's,  tnoujh,  tw  > c/ersc-as  manufa.— 
tuiers,  Ho'.  la  ard  Toyo  Kocyo  Ql3zd0  uho>-c  alt-  -native  enai-.o  desumic 
as  t.he  way  to  meet  the  emission  stan.iuds.) 

Also  jr.  the  early  1970‘s  the  Department  of  Transportation'.s 

National  Highway  Traffic  Safety  Administration  (NHTSA)  first  tried  to 

establish  standards  that  would  require  passive  restraints  - at  the  tire 

It  was  thought  that  only  air  bags  would  meet  the  requirement  - on  all 

automobiles.  The  standards  were  challenged  it.  the  couits  and  overturnea 

n late  197;,^  but  in  1977  NUTS'!  again  established  passive  restraint 

□ 

standards,  and  this  time  tlte  standards  withstood  legal  challenges. 

Passive  restraints  are  now  scheduled  to  be  phased  in  during  the  1992- 
1989  model  years,  but,  unless  Congress  speci '’ically  requires  air  bags. 

It  appears  that  must  oi  all  rv-dels  v.i’1  hu\  passive  (autor.it:.-)  ->e.it 
bells  as  the  technology  which  satisfiu.,  the  -eq.'irenc-ts. 
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Again,  the  safety  rsquirsments,  and  especially  the  passive  restraint 
requireskents,  have  s«ant  a refocusing  of  tetearch  efforts  toward  areas 
that  the  cooipanies  taould  not  have  pursued  as  vigorously. 

Finally,  in  Decetiber  1975  Congress  passed  the  Energy  Policy  anu 
Conservation  Act  which  established  fuel  economy  standards  for  automobiles 
for  1970-1980  and  1985  (and  authorized  NHTSA  to  set  standards  for  the 
1991-1964  years):  the  1985  standard  of  27.5  miles  per  gallon  for  the 
saler.-weighted  average  of  new  cars  sold  in  that  year  by  each  company 
is  roughly  double  the  fuel  economy  achieved  by  the  new  car  fleet  in 
1973.  For  a period  in  1978  and  1979,  it  appeared  that  the  fuel  economy 
standards  would  be  seriously  binding  on  the  domestic  manufacturers  and 
would  force  them  to  ta)ce  technological  actions  which  they  would  not  other- 
wise pursue.  But  the  sharp  increase  in  gasoline  prices  in  mid  1979  has 
caused  car  demand  to  shift  sharply  toward  smaller,  more  fuel  efficient 
Cu’'E,  a"d  tht  current  standards  through  19°5  are  unlikely  to  be  binding. 
7''<-  shift  in  demand  induced  by  the  hiah  fuel  price  by  itself  is  shiftina 
the  sales  weiahtcd  average  of  miles  per  aallcn  subst ant: ally  upwiri, 
am  this  shift  in  demand  is  apparently  pro.iding  moi  e t.han  enn  .-jh  indace- 
me-t  for  the  companies  to  develop  models  and  techn.lc.ies  thit  will  ^ i>  1 
y-'t  Greater  fuel  econon"_  . 

In  sunruri  , then,  the  emis.,ions  ar  i safety  regulatic..  o'  thi  e.irl\ 
!9'0's  and  thi  sharp  increase  in  the  price  of  gasoline  ii>  1979  his  lei 
to  a substantial  change  in  the  pattern  of  innovation  in  the  motoi  vehule 
industry.  Much  more  effort  is  being  devoted  to  meeting  the  regulatory 
requirements  and  in  increasing  fuel  efficicnc>.  The  cycle  of  modv . 
changes  has  been  considerably  stretched  out,  as  compared  with  the  patteir 
of  the  1960*s.  The  industry’s  product  innovation  attention  has  cleirl> 


been  focused  in  a new  direction. 


B.Proc«s«  Innovation 


Unlik*  product  innovation,  procass  innovation  in  the  Botor 
vehicle  industry  is  susceptible  to  quantitative  investigation,  at 
least  in  an  indirect  manner.  We  can  examine  indexes  of  siotor  vehicle 
industry'  output  per  worker  and  retail  automobile  prices  and  compare 
then  trends  over  time  with  those  in  other  sectors  in  the  economy 
As  we  shall  see,  the  performance  in  these  areas  by  the  motor  vehicle 
industry  has  been  relatively  good.  The  claim  that  most  engineers  ir. 
Oetrcit  would  be  willing  to  sell  their  grandmothers  for  thv  opportuiiity 
to  save  pei  car  ir-iy  be  an  eiaggeration,  but  it  is  clou  that  the 
ncjstrv  ha*-  quite  ci'.'t  ‘i,id  r ist-r(  djcticn  tonsci' - 

Alsi.  , i:i  t\arai.ing  the  labwr  prodv.  :ivj*y  and  itice  jrdeyes, 
uo  can  t:y  to  sht  .1  some  light  't.  the  qutsti  ).i  •{  whetter  government 
reu-l.’ti.'  hnj  caujed  a slacK.er.im.  of  j:  ro  Jut  1 1 vi  rv  imp*",  vvet.ts  i'  t*  it- 
1 "das  try. 

the  qjditllotive  woj  K is  disiib-.'.!  furthei  , cr  v qualifiva- 
tior  should  ho  added.  Since  19f9,  the  burcui  of  Labor  Statistics  h s 
been  adjusting  the  new  cai  price  index  for  product  quality  itrprovenent s . 
Thus,  the  relative  pattern  of  car  prices  vis-o-vis  other  prices^ is  u 
product  of  b.ith  process  and  product  improvements.  Sitr.larly,  bo.owSC 
the  output  indexes  are  derived  by  detlatino  value  in  iexe?  by  prit' 
indexes,  the  labor  productivity  me.isure;  simil^r’y  rvtlect  u mix  t f. 
I'loctss  anu  product  innovations.  This  authoi  's  stjoii!  imoressi ;■ 
that  most  of  the  net  advantage  of  the  mctoi  vehic'e  industry 
to  the  rest  of  the  econorj  m these  indexes  is  due  to  process  irpri.'  er.  ■ 
but  there  is  r,  ■ satisfactory  way  or  veriiyii.i  thi:. 
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Labor  productivity  Indexes.  The  time  pattern  of  an  index  of 
output  per  *K>rVer  will  reflect  not  only  innovations  but  also  simple 
substitution  of  capital  (and,  if  the  degree  of  vertical  integration  is 
not  held  constant,  other  materials)  for  labor.  Thus,  changes  in  the 
index  are  likely  to  overstate  the  Cxt<at  of  pure  innovation. 

Still,  labor  productivity  improvements  are  a major  concern  of  public 
policy,  and  they  probably  are  indicative  of  broad  cost  tendencies. 

In  an  earlier  study, this  author  found  that  for  the  years  194:)- 
1967  labor  productivity  in  the  motor  vehicle  industry  improved  at  an 
aver-iqe  rate  of  3.96%-4.33t  per  yeir,  whereas  the  improvement  for  ail 
manufacturing  was  only  2.80t-5.33%  per  year.  That  study  used  relatively 
crude  measures  of  output  (the  Federal  Feserve  Board's  indexes  of  indus- 
trial production)  and  a set  of  labor  indexes  which  were  not  matched 
exactly  lo  t)ie  out;  t serico. 

It  lo  now  possible  to  update  and  lefim  those  figures.  The  bu: oau 
o:  Labor  Statistics  specifically  con.tnlcs  a.'i  index  o:  output  per  cnplo/ee- 
ho,.r  for  the  motor  vehicles  and  cqjipm«.rit  ind..stry  (SIC  371).  Tli<-  outp  .t 
a-d  labor  indexes  are  matched  to  each  oth*-"r , and  the  data  are  coll>.v.te- 
on  an  estcibl  i shment  basis,  so  the  gross  problers  of  thanaes  in  the  ue-.rt< 
o'  vertical  integration  have  been  eliminated . ^ ^ The  data  extend  bitV  tr 

an-)  also  include  a sp'lit  between  production  woi)icrs  and  non-prodiu.- 
tion  workers. 

Table  3 provides  the  average  annual  me j eases  in  output  ptr  o'-  loyce- 
hour  between  1957  and  1978  ana  for  a nu-ber  of  sub-period  splits.  O.ur  the 
entire  period,  labor  productivity  improved  at  a rate  of  3. St  per  ye  ir 
in  the  motor  vehicles  and  equipment  indusiry,  tlie  rate  of  increase-  wu>- 


about  the  same  tor  productio.n  and  non-rr^in  .tiur.  woi-vi.. 


Table  3»  Uverage  Annual  P>ro«nt«9«  Incre««e«  In  Output  ptgr  Labor  Hour* 


Motor  Vehicles 

and  Bguipe>ent  Industry 

All 

Production 

Non-production 

All 

Private 

All  Esployees 

tforkers 

Norkers 

Hanufacturinq 

Business 

1957-1978 

3.5% 

3.5% 

3.6% 

2.7% 

2.4% 

1957-1965 

5.1 

4.8 

6.2 

3.6 

3.  3 

1966-1970 

3.2 

3.2 

2.b 

2.2 

1.6 

1957-1966 

4.6 

4.5 

3.0 

3.  3 

19t'-197d 

3.3 

3.3 

3.2 

J.2 

1.6 

195’'-:?t‘. 

4.5 

4.3 

5.1 

3.  3 

3.  3 

I9r  r.-l  57$ 

3.3 

3.  3 

3.3 

2.2 

1.5 

1957-1  Joe 

4.4 

4.2 

5.0 

3.  3 

3.  3 

19- 9-lJ7b 

J.b 

3.5 

4.(1 

2.3 

l.f- 

1957-196? 

4.1 

4.0 

4.7 

3.2 

3.2 

1970-1^»  ’b 

3.7 

3.5 

4.4 

2.3 

1.5 

1957-1970 

3.7 

3.7 

3.9 

3.0 

3.0 

1971-1978 

3.0 

2.9 

3.3 

2.0 

1.3 

1957-19’! 

3.3 

3.7 

4.0 

3.0 

2.9 

1970-19'c 

3.3 

3 1 

3..“; 

1.9 

1.2 

1.  All  rates  of  ir. create  art  the  slope  coefficient  of  an  orJir.ary  least 
regression  of  the  logarithm  of  output  per  labor  hours  on  time. 


squares 
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By  contrast,  in  all  lunufacturing  labor  productivity  rose  by  an  average 
of  only  2.7%  per  year,  and  in  the  entire  private  sector  labor  productivity 
rose  by  only  2.4%  per  year. 

Data  for  the  time  period  splits  can  bo  used  to  test  proposition 
that  there  has  been  a significant  slowing  of  the  rate  of  productivity 

inciease  and  th.t  yovernm  nt  regulation  might  be  a cause  of  this  slacKenii a . 
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The  "switching  of  regimes"  methodology , first  proposed  by  Richard  'uandt 
and  further  refined  by  Stefihen  Goldfeld  and  Richard  Quandt, provides 
a "'r'jr.s  of  testing  these  propositions.  The  methodology  tails  for  an 
examination  of  alternative  splits  of  the  data  to  find  that  sp'lit  which 
yields  the  largest  difference  in  "rcgines." 

As  can  be  seen  in  Table  3,  the  data  for  the  splits  by  period  ind.- 
catfc  that  labor  pioductivity  rose  less  rapidly  in  the  latter  part  of 
these  22  years  than  in  the  former  part,  the  difference  is  significant. 

Pat  the  pattern  of  the  splits  indicate  that  the  slower  growth  had  begun 
b>  the  mid  1960's  and  did  not  get  any  worse  n the  197o's.  It  we  use 
the  "sv.ii.hing  of  regi-^e  " f » Tnev.iaj  , -e  '’iii!  tiiai  the  r,  >irn-  degree 
of  Ji'':erer.ce  in  regime-,  is  not  fout.a  ir.  the  splits  which  focus  or  the 
19'.'.  as  tne  "regime."  ru‘  governme  * rtiiii’i'S  bccar.  t I - • 
stilus  impact  on  the  ii.'jstry  only  in  the  early  1970's.  Thus,  this 
set  O'  data  wr.uld  r^t  sujfart  a claim  th  u regulable..  wa_  renjA'iiuibie 
foi  tie  slackt  .mg  ct  productiviti  growth  in  t;.is  Jis'i/, 

(Note,  thouuh,  that  for  all  manuf acturi.'-q  and  for  the  e"i.*e  pr:  ’ate 
sector  rts  the  splits  focus  more  on  tne  197o's,  the  growth  in  prov’je  ti  .it.' 
does  slacken.  The  causi-s  of  this  general  de.eloration  in  productivity 
growth  are,  of  course,  widely  debated.  Reaulation  may  be  one  of  then.' 
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This  last  conclusion  is  reinforced  by  the  data  for  production 
and  non-production  ceiployees.  One  of  the  clainted  consequences  of  regu- 
lation is  tnat  ntore  employees  must  spend  more  tiste  filling  out  reporting 
fonr^  and  engineers  and  technicians  must  spend  more  of  their  time  trying 
to  devise  ways  of  s»eeting  government  regulations.  If  this  were  occurring 
in  a serious  fashion  in  the  1970 *s  in  the  motor  vehicle  industry,  we 
would  expect  to  see  a greater  slackening  in  the  rate  of  increase  of 
output  per  non-production  worker  than  in  the  rate  of  increase  of  output 
per  production  workei . The  opposite  appears  to  have  been  the  case. 

Relative  rates  of  price  increases.  A second  way  of  trying  to  measure 
relative  rates  of  innovation  is  to  measure  relative  rates  of  price  in- 
creases. Of  course,  price  increases  also  retlect  increases  in  the  costs 
of  inputs  ard  changes  in  profit  margins,  as  well  as  irnovations.  l:i 
this  respect,  though,  a comp-ariscn  of  pric*  increases  is  probably  oiased 
against  a favoialle  shcwinc  by  the  not*.’''  \chi' lo  ir.djst'y,  since  thr 

of  one  rf  its  mi’cr  innuts,  labo:  , h-ir  bvcr,  mTe  raj  luly 

than  the  erst  of  labor  in  most  other  sector,,  (C‘'fsattirg  this  to  sor.e 
extent,  howeter,  is  the  fact  that  the  automobile  price  indvx  is  reujlarl/ 
a-’'jsted  for  quality  improvero-ts , whereas  prices  in  other  sectors 
sonetines  art.-  and  sometimes  are  not  adjusted  fox  quality  improvements . ) 

Table  4 provides  the  average  annual  rate  of  increase  of  the  new 
caj  Component  of  the  consumer  price  index  between  195S  ana  1979. I l • 
ccm^arison  purjxjses,  the  average  increases  in  the  durable  goods  ccr.  o- 
nent  of  the  CPI  and  in  the  overall  CPI  aie  also  provided,  as  are  the 
relative  rates  of  increase  of  the  new  car  j>rice  index  as  comj  ared  tf 
the  other  two  indexes.  As  can  be  seen,  the  rate  of  increase  of  new  car 
prices  has  been  appreciably  below  that  o'"  the  overall  CPI  and  e en  of 
tr.e  pi  ices  o.''  durable  goods  generally. 
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Tabic  4 : Average 

Annual  Percentage 

Increase 

in  Prices® 

New  Car  Coeiponant 
of  CPI 

Durable  Goods 
Cotnponent  of 
CPI 

Overall 

CPI 

Mew  Car  f 

Durable 

Goods 

New  Car 
CPI 

1955-1979 

1.7% 

2.7% 

3.B% 

-0.9% 

-2.1% 

1955-1965 

1.0 

0.7 

1.6 

0.3 

-0  e 

1966-1979 

3.0 

5.1 

6.2 

-1.3 

-2.4 

1955-1966 

0.7 

0.7 

1.6 

0.0 

-0.9 

1967-1979 

4.0 

5.  J 

6.4 

-1.3 

-2,4 

1955-1967 

0.5 

0.6 

1.6 

-0.1 

-1.1 

196i'-1979 

4.3 

5.6 

6.f 

-1.3 

-2.4 

1955-1'»6'^ 

0.5 

C.7 

1.6 

-0.  7 

-1.2 

1969-1974 

4.6 

5.8 

6.B 

-1.3 

_ > 1 

1955-1969 

C.5 

o.« 

!.;• 

-0.  3 

-1.4 

1970-197- 

4.^ 

6.1 

~.l 

-1..’ 

-7  2 

1955-1«'0 

C 5 

1.0 

2.1 

- ),4 

-!.• 

1971-1979 

5.3 

6 5 

.4 

-1,1 

-2,  . 

1955-1971 

0.6 

1.1 

2.3 

-C.5 

-l.C 

1972-1979 

6.1 

7 . 0 

7 7 

-0.9 

- 1 . ' 

a.  All  rates  of  increase  an-  the  slore  roelficient  of  an  ort3n<jry  least  squares 
reoression  of  the  logarithm  of  the  price  index  on  tiirr. 
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The  forver  result  xs  not  surprising,  since  the  overall  CPI  includes 
the  prices  of  services  (for  vhich  the  rate  of  productivity  increase 
would  be  expected  to  lag  behind  that  of  manufactured  goods  and 
hence  the  prices  of  which  would  be  expected  to  rise  more  rapidly) 
and  the  prices  of  petroleum  products  and  other  energy  items  (the 
prices  of  which  have  risen  sharply  since  1973).  But  the  differential 
vis-a-vis  the  durable  goods  component  (of  which  new  automobiles 
themselves  are  about  12»)  is  less  eyperted  and  hen'.e  more  impres*-ive. 

Again,  we  can  use  the  "switching  of  regi'os"  methodology  to 
examine  differences  in  behavior  within  the  loncer  1955-1979  period. 

is  indicated  n Table  t,  the  new  ca:  pr:..o  ii  crease.'  were  'jrti  t-. r 
ir  the  latte:  ; i?:  i 'd  tl.a.  ir  tic  e.!.i<  . .“'jo-:.  ‘•.t  ih*  lartv.r  t ,ri 
wu.'-  o.'.c  of  oieater  :nfi--’uii  geiv-rally.  7’..  icc.-.n^-e  di: ’■e'zcv 
between  the  new  car  piice  index  an-  the  l-:a.hle  pii  e in'!' an: 
betwee”  the  new  car  indc'  '<1  d tho  m wtxi  i ! «•  r thu  l.i* 


perio.d  than  in  the  tomer  I'ut,  as  th’  Sili*  lu  to  n,  re  ' 'h. 

1970’b,  the  negative  di.:crences  diniis'i. 

K.w  c.i  : we  reconcile  this  fir.dina  o'  a narrowing  in  the  197C'n 
of  the  relative  performance  on  prices  with  the  jre'.ious  eMdcnci  o' 
a wi1en:-g  of  the  relati%'e  perfontar.ee  o'  1-bar  prodattivity’’ 

First , It  might  be  caused  by  a more  rapid  increase  in  the  costs 
of  injuts  into  riotor  vehicles  as  compared,  with  inputs  into  otne; 
sectors  of  the  ecopoiry.  Unfortunately,  in:i.t  cost  indexes  arc  not 
available,  tat  wo  can  rule  oat  this  pcssicility  for  labor  inp.ts. 
Tabic  5 presents  the  average  annual  rat-r  nf  increase  of  Ford's  U.b. 
hourly  lab:.*'  costs  (including  fr-n’o  bene  .'sj  ar..!.  for  comparis.n, 
the  rates  of  increase  ir.  all  ma.v  'actuiir.c  .ml  i ••’1  tri'  '»c  b_si' 


~ll' 


Table  5: 

Average  Annual  Increase 

in  Hourly  Co«pe 

neation 

(including  fringe  benefits)" 

All 

Ford 

Ford  Motor  Co.  All 

Private 

Ford  “r 

Priv. 

(U.S. 

) Manufacturing 

Business 

Manufact  jrinq 

Busi' 

1959-1979 

7.8% 

6.1% 

6 . 6% 

1.7t 

1 

1959-1965 

4.6 

3.4 

4.3 

1.2 

C 

1916-1-"'’ 

9.4 

7.0 

7.t 

1.8 

1 

1959-196t 

4.8 

3.5 

4.5 

1.3 

c 

196:-19"?r 

9 6 

7.7 

7. 

1 . , 

1 

1959-.:»c' 

5.  1 

3.0 

4.6 

1.1 

c 

1968-197'-, 

9 9 

7.9 

7.5 

195=‘-i:-.r 

5.: 

3.3 

4.8 

1.4 

c 

’909-19'’. 

10.1 

8.1 

6. 

2.C 

- 

1959-19‘.9 

5.3 

4.1 

5.0 

1.2 

c 

1970-1?'9 

10.  C 

6.3 

6.1 

1.6 

- 

1959-1  -70 

5.5 

4.3 

5.2 

1.2 

c 

1971-19 

10.0 

E.t 

6.3 

1.5 

- 

1959-1""! 

5.9 

4.5 

5.4 

1.3 

r 

1972-1979 

10.2 

8.P 

8.5 

1.4 

I 

a.  All  rates  of  increase  are  the  slope  coefficier.t  o‘  an  (.rJiiar^  loist 
regression  of  the  logarithm  of  the  price  index  or  ti-. 


'''  .’rt  5 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 

Over  the  period  1959-19'79,  the  United  Autonobile  Workers  did  relatively 
veil  for  its  Btenbers.  But  as  the  tine  period  splits  focus  on  the  1970's 
the  relative  increase  in  Ford's  labor  costs  appear  to  have  narrowed 
vis-a-vis  the  rest  of  the  economy;  i.e.,  relatively  accelerating  labor 
costs  carnoi  explain  the  narrowing  price  performance.  Unfortunately, 
it  IS  not  pcssiMe  to  make  a similar  deterninaticn  for  other  inputs 
Alternatively,  the  laber  productivity  indexes  may  be  cqjrtUf'i.'. 
mostly  the  etiects  of  input  substitution  and  the  relative  rate  of 
increase  in  total  factor  ].  rcaucti  vity  in  motor  vehicles  vis-a-vis 
other  sectors  may  have  slackened  in  the  1970’s.  Fcr  example.  General 
Motors’  inflation  adjusted  accountina  indicates  that  the  real  amount 
c:  capital  pei  em^-loyee  (worldwide)  incrased  by  65t.  between  1907  and 
1979.  Unfortunately,  there  is  little  otliei  data  available. 

Thus,  wt  are  left  with  a puzzle.  The  metor  .ehicle  industry’s 
relativ  perforra  ice  in  labor  productivity  impio.ci  in  the  1970's; 

Its  rclati  t perfonrance  in  price  increases  Jttc crated,  both 
Peis-.ru^  re.ecs-ii*  imrerfect  ways  cf  rop'ur::-:  •.  . '."ects  o:  proo  - 

i*"o.-atiji,  ana  uc  cannot  te..  which  or<.  is  .Us,_j  t^  tht-  tiu£  con.eot 
vv  are  W--  are  ivtt  c«-.:.c!adi*  • .t  i a..l..;;c  ce*‘ta.''l  c; 

n*t  atf»"t  la^tE  cf  labor  p.  'd-'-t  le  it  • i-'cre  ,'is,  tat  wt  ca-'-C'' 
cc--l_.v'  a-ythit.c  aboat  ti  c effects  a'  ri  .„li*i.'  .recess 
T*"  “ '■!  .’ehiclt  I'Jtstry  ).  sir  le  ‘ul.j’  t tti 

array  e*  r<  julations  that  h.tve  cc.:i«.r.ioi  : e:  pi-<:  in-asirie  . t. 
F;.viru'i.me-'.*al  Protection  Aae:  cy  rcc..latit  v a.r  v.„tc:  j 

emissions  from  lactones.  Occupations!  Sa!e‘i.'  and  Healtli  Ad.T..r.ist:  t . i 
regulation  of  workplace  practices,  Depa"" tme."-!  of  Labor  regulatio.n  e‘ 


pension  f_nds,  etc. 


. ^t.i:  • of  • ..  I.'-..:  • r.l '-•  • .-t  * . r , ~ i * tr  i 

uitii  th>-  largest  c >-»t  f 'i  •.  w.ll  receive  -'ori  utiv:nt.:oi  r-.  c-  t 

t.  }.v  < ss  1 ''c%»  t.  loi.'  ha:  t<  o . .os  -f  i.o,  *. 

larae'.t  si-icle  co^v  conj^.  nrnt  ir  rotor  \ot;.le  i rod  joti.-  . F'r  (fieri! 
.Motor:,,  ror  example,  labor  rests  wore  ^,'t  * the  costs  ol  all  rii  • tt  i- 

l^'o. 

Willian  Abernathy  has  argued  th i*  this  ~a;:tal  deepening  har  len  t(' 
an  increasing  riaidity  in  production  jroccnscs,  which  in  turn  has  led  tr 
a focus  on  "odest  , increnental  prc.i.  c:  irn 'vationr  ( to  w.n..Lh  the  iclativcK 


Table  6:  General  Hotora*  Expenditures  on  Industrial  Air  and 

Meter  Pollution  Control  end  on  Motor  Vehicle  Daiaaions 


Industrial  Air 
end  Water 
Pollution  Control 
(1) 

Motor  Vehicle 
Emissions  and 
Safety 
(2) 

(1)  — (?) 

SI  7 mil  .or. 

$445  mi llion 

3.81 

1969 

69 

503 

6.8 

19~0 

3. 

520 

6.7 

19T1 

5-> 

576 

9.5 

!<•  ■: 

S- 

749 

7.8 

1973 

o‘‘ 

3 

7.1 

U ( - 

f 

1 7b 

C 

)C.  ' 

1 , 

• 

■ : 

1. 

IV  7 

4" 

1 "0 

14  5 

197b 

r 

» ^ ’ 

a •- 

H .9 

1C'  . 

1 .11 J 

19.6 

; ^’ur  cc 


General  Motorb'  10-K  ronorts. 
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rigid  aanufacturing  technology  is  capable  of  adapting)  and  away  from 
more  fundamental  product  innovations  (for  which  the  existing  technology 
is  too  rigid  and  which,  therefore,  would  require  the  scrapping  and  new 
purchase  of  very  expensive  capital  equipment) .^8  Abernathy  has  provided 
a few  examples.  But,  as  was  argued  m Part  II,  the  basic  structure  of 
the  industry  probably  biases  it  away  from  fundamental  product  cheinge, 
the  capital  intensity  of  the  production  processes  is  probably  only 
pushing  it  slightly  farther  in  a direction  it  is  already  headed. 

Second,  It  appears  that  the  motor  vehicle  induftry  has  not  beer. 

19 

the  majoi  disco*. jrer  or  developer  of  most  new  manufacturing  processes. 
Ki'lhT,  Euj’plicr  firms  hJ**c  generally  taVen  the  lea  !.  But,  as  the  daVi 
in  this  section  hait  indicated,  th<.  n.  tur  "ehicle  industiy  has  bee- 
quite  i,ooc  at  aJaptnq  .nd  adoptinc  the.  e innnvation  for  use  in  its 
home  territory. 

C.  Rese..*'ch  and  Do.elopment  Exp>endit  j: '. 

T.hJb  far  in  lait.  Ill  Wt;  have  exaT>i,i.J  inn.)Vdtio'iS  - the  oi  tc'.."e 
of  the  process  ol  technolocital  chir.jc.  C’ iv  otner  measure  that  is 
frequently  examined  is  expenditures  on  research  and  development  - 
the  inputs  into  the  process.  This  measure  cannot  tell  us  anvthing  ah-.'  t 
innovation  u'-less  there  is  a strict  onc-to-one  relationship  betwee.'- 
input!  and  output!  in  this  process,  but  it  may  be  able  to  tell  us  sorret‘-:n 
about  efforts  at  innovation. 

The  data  or  R 1 D expenditures  as  a pc*  entage  of  salts  :tr  t* i 
lea’ing  three  rvjtor  vehicle  mnaf a 't_rcrs  an*  provided  in  Table  7. 
Unfortunately,  the  data  extend  c.nlv  t.icK  to  1907.  Before  discussins 
the  implications  of  the  data,  we  should  r.::tr  some  cavcits.  First, 
the  data  are  repn  rtcJ  by  t.he  cori  mics^  thi  N.rth 

motor  vehicle  data  are  only  cstiratcs. 
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Second,  there  ere  no  strict  accounting  etandards  for  «rtiat  is  counted 
as  "R  £ 0 expenditures.*  Thus,  different  coaf>anles  nay  Include  different, 
items;  and,  since  R S D is  a high  prestige  activity,  there  is  probably 
a general  tendency  toward  over-atatenent. 

The  data  in  Table  7 indicate  somewhat  similar  trends.  The  Chrysler 
and  Ford  worldwide  R £ D efforts  were  relatively  unchanged  in  the  late 
1960's  and  early  1970's,  rose  in  197J  and  1974,  declined  subseqaently, 
ard  then  peaved  in  the  late  J970*s;  •■heir  iroie  liBited  North  AnKrica-. 
data  show  a similar  pattern,  "eueral  Motci*-'  worldwide  R & D effort 
rose  earlier  in  the  l'’70’s,  peaked  in  1974,  then  declined,  and  oi.ly 
rcse  moderately  in  1979;  the  more  liiritcJ  North  American  data  do  rot 
show  a rise  in  tfe  earl/  19?0's  but  show  the  some  peak  in  1974. 

U:.exjet.tcJ  sales  shoitfalls  (lowering  the  base  of  the  percentage) 
may  have  bee:,  at  least  partially  responsiole  for  the  rise  in  1979;  all 
three  cotri  anies  had  disappointing  sales  in  that  year,  and  Chryslti  hi’d 
disappointing  sales  in  1978  as  well. 

The  last  columr  of  Table  7 puts  th.-'c  nuraiers  in  perspecti.e. 

The  autrage  R t D‘  sales  percentage  for  all  manufacturing  in  the  197D*s 
wis  Tnus,  Ford  and  Gen'rat  Meto’^s  hivt  clearly  beer  above  tht  a-.er,.ge, 

while  Ch-ysler  recently  has  also  exc.-eoed  the  average. 

Has  re:jlatinn  influenced  this  p-atterr  of  R £ D-  Tf  - inh  rec-liti  n 
cl*‘.rlvha1  a qr.'ire:  im.  a ci  tlie  not<  - ih.wlc  *'■  l'“  ’ 

than  in  the  it  is  dtfficul'  t«>  te.  1 if  its  effects  wcr,.  a:c.t  • 

at  the  t,.gin.irq  c:  the  et.  s o'  the  t Clc  • All  A t‘s 

enissic.ns  rcgcirerents  for  act  cn.otlles  wc:-.  '’"lainally  sch*  d-le.-  ‘nr 
1975  and  1970,  but  they  were  subsec'uer.t  i\  delayed  to  the  early  17>'C's, 
and  stringent  standards  for  tracks  were  an  > d to  the  schedule  fo: 


early  1980's. 
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Table  7i  KeMurch  and  Devlop— nt  Eapendlturea,  as  a Paroantage 

of  Sales 


Chrysler 

North 

Anerican 

Hotor 

1»orldwide  Vehicle^ 


Ford  • General  Motors 

North  , North 

Aaerrcanj  American 

Motor  ' Motor 

^torldvide  Vehicle*!  Worldwide  Vehicle* 


Motor 

Vehicle 

and 

Equipment 

Industry 


All 

Manufacturinc 


967 

1,6\ 

- 

3.1%* 

3.5 

3.0%* 

- 

- 

2.1% 

966 

1,8 

- 

3.0  * 

3.0 

3.0  * 

2,6% 

- 

2.1 

>69 

2.3 

- 

3.J  * 

3.: 

3.0  a 

2.S 

- 

2.2 

970 

1.9 

- 

3.1 

3.2 

5.3  c 

.3.7- 

- 

2.1 

971 

1.8 

1.2 

3.1 

3.3 

3.6 

2,4 

- 

2.0 

972 

1.9 

2.0 

3.1 

2.9 

3,5 

2.4 

2.8% 

2.0 

973 

2.1 

2.2 

3.5 

3.4 

3.5 

2.4 

2.9 

2.0 

974 

2.2 

2.4 

3.5 

3.4 

4.3 

3.0 

3.2 

2.0 

975 

1,7 

2,0 

3.1 

3.3 

3.1 

2.7 

3.0 

2.0 

976 

1.8 

- 

3.2 

3.2 

2.7 

2.2 

2.7 

2.0 

177 

2.C 

- 

3.1 

- 

2.6 

- 

2.7 

2.0 

*78 

2.5 

- 

3.4 

- 

2.6 

- 

- 

- 

*79 

3.0 

- 

4.0 

- 

2.9 

- 

- 

- 

JUD  expenditures  estimated  by  Carroll  and  Schneider  (1979) 
Salas  astlmated  by  Kaiser  (1979) 

Abnormally  high,  because  of  strike 


xirces:  10-K  reports  filed  by  the  cc*panies  with  the  Securities  and  Exchange  Corrmission; 

U.S.  National  Science  Foundation  (1979  );  Carroll  and  Schneider (1979) ; Kaiser  (19'9) 
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Pusivfl  rvatrainta  ware  originally  scheduled  for  1976  but  then  delayed 
to  the  early  1960 *a.  Prior  to  the  sharp  increase  in  gasoline  prices  in 
1979,  it  appeared  that  the  fuel  econoety  standards  of  the  early  19B0's 
would  require  extensive  innovation  by  the  coitpanics.  Thus,  a good  case 
could  be  sade  for  either  end  of  the  1970 *s  as  having  required  heavier 
R s 0 expenditures  so  as  to  s>eet  irq>ending  regulatory  requircstents. 

Some  additional  light  on  this  question  is  yielded  by  one  extra  dota 
series.  General  Motors,  In  its  10-K  reports,  has  listed  its  expend. tores 
on  "research,  engineering,  reliability,  insiection,  and  testing"  for 
emissions  control  and  safety  regulation  fior  196S  onward  (It  is  interesting 
th  It  the  company  r.a*;  not  jnjd«  a stonrate  listing  for  'itl  etcriomy  ir,  rc'e- 
nc.-t?.  ap,arentiy,  it  h-s  co'i«-idtred  tn.  irr;  i o- cnents  tc  be  largel/  r—^ii'ct 
noti'.  Ttoi  rat*-ti  than  reqiiired  by  regulatitn,  even  d'jr.nc  19Tfe  aiid  19~? 
wfier.  the  fuel  eccnony  standards  of  the  1900's  seemed  most  likely  to  tK 
bitding).  These  expenditures,  as  a percentcige  of  Nirth  American  autccno- 
tive  sales,  are  listed  in  Table  8.  It  appeal  s that  regulatio*.  was  irg>cmo 
heatier  requirements  at  the  beginning  of  the*  decade  than  at  its  end.  This 
^rob^d;ly  explains  the  pattern  in  the  overall  General  Motors  BeD  series  ir. 
Table  7.  The  Ford  and  Chrysler  rises  in  197  and  1974  were  prohubl>  d-. 
also  to  regulatory  requirements.  The  General  Motors  eaidencc  , thoj'-i'’- , 
make  it  likely  that  the  Chrysler  and  Fcrd  peaks  at  the  end  of  the  deo-o. 
wcit  due  to  a combinaticn  of  dcwreased  Sales  and  the  prcss-ivs  c‘  .r -'■g 
more  fuel  efficient  vehicles  and  net  to  emissions  and  safety  reg.lat-o:  . 

D.  A Sumar>  on  the  Character  of  In.-.o/at.'-T 

It  seems  clear  that  government  regulaT:o>  haS  had  a major  t 

cr.  innovation  in  the  motor  vehicle  ii.-'istry  T'lis  rccalation  haS  ! a.' 

Its  effects  largely  in  the  product  nodificafion  area. 
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8:  C»nTal  Itotori*  Reaearch  and  D^veloptoent  Expendituret  on  Emissions  Control 

•nd  Safety,  a Perc«ntage  of  Worth  Aaierxcan  Autoinotlvg  Sales 


I9fe 

1969 

1970 
1"71 
19'j 
19"3 
19’-; 
19-' 
197t, 
1Q77 
197S 
1979 


1.7% 

i.y 

1.7 
l.fl 
1." 
1.  " 

1 . 

1.1 

1.1 

1 j 

1. : 


a.  Abncrrvally  J-'  to  "itr..!!.* 


Scarce  Genrai  Motors'  10-K  rej-orts. 


It  does  not  appear  that  regjlatxon  c an  be  held  responsible  for  the 


modest  slackeiunq  in  productivity  improvements  that  has  occurred. 
Reg-lation  appears  to  have  had  a quantitative  effect  on  the  Bib 
budoets  of  the  major  companies  in  the  earl>  1970’s. 

Ke  nov  '.urn  to  a more  complete  description  of  this  regulation 
and  tl.t  O'  .tr  government  actions  a'"d  j’rograns  that  have  possibly 
affected  -.novation  in  the  motor  vehicle  industry. 


7/' 
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IV.  CaOVEWMENT  POLICIES 

There  ere  three  sets  of  policies  by  the  Federal  Governsient  which 
have  been  relevant  to  innovation  in  the  motor  vehicle  industry:  regula- 

tion of  air  pollutant  emissions,  safety,  and  fuel  economy;  the  1969 
antitrust  suit  attacking  joint  behavior  with  respect  to  emissions 
control:  and  direct  government  funding  of  research.  The  policies 
operate  in  quite  distinctive  ways  and  will  be  described  separately;  the 
controversies  concerning  their  effects  on  innovation  will  be  left  to 
Part  V. 

A.  Recalatioi. 

Responsibility  for  re.ulation  of  d*r  p'-'llutant  emissions  is 
lodqjd  with  tht  Environmental  Prctection  Acen.-y  (EPA)  ; the  Dorartnevt 
of  Transpc’-*- jtici.  *s  Natior.il  Kighu 'y  Traffic  Safety  A^'ministration 
(NhTSA)  lijs  : -ipcnsibiiit,  fci  safety  and  fuel  econ^.-y  re,alatioi.. 

The  nicor^  and  method  of  e ich  ro'jlatcr',  pifTran  if  uistinct. 

Ai*  rx^ll-^tant  emissions  regjlatio'.  The  Federal  Government  first 
became  involied  in  emissions  regulation  i:  1965.^0  7he  Motor  Vch-cle 
Air  Pollution  Act  of  1965  directed  the  Department  of  Health,  Educat.or, 
and  Welfare  (the  predecessor  in  this  area  to  EI'A,  which  was  established 
in  1970)  to  set  emissions  standards  for  automobiles.  The  first  standards 
applied  to  the  1966  model  year  and  covered  hydrocarbon  (HC)  and  carbon 

(CW 

monoxide  emissions.  By  1970  the  standards  implied  approximateli  a S0«. 

A 

reduction  in  exhaust  emissions  from  uncontrulled  levels.  In  December 
of  that  year,  the  1970  Amendments  to  the  Clean  Air  Act  called  for  a 
further  90%  reduction  in  HC  and  CO  emissions  by  1975  (i.e.,  a 95*  re- 
daction froT  uncontrolled  levels  was  implied)  and  a 90'  redurtxci.  !• 
nitrogen  oxides  (NO^^)  by  1976.^^ 


~ In  1973  the  (leadlines  were  delayed  a year  through  administrative  decisions 

by  EPA.  In  1974,  Congress  delayed  them  another  year,  and  in  1975  CPA 

delayed  then  yet  another  year.  Finally,  in  the  late  suasaer  of  1977 

Congress  passed  the  1977  Anendaent  to  the  Clean  Air  Act  which  delayed 
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the  HC  and  CO  requirements  to  19B0  and  19B1  respectively.  and  eased 
the  NOjj  reduction  to  75*,  with  19B1  as  the  new  deadline. The  1977 
Amendments  also  specified  that  HC  and  CO  emissions  from  trucks  should 
be  reduwed  by  90*  from  uncontrolled  (1969)  levels  by  1983  and  that  NO^ 
emissions  should  be  reduced  by  75*  by  1985;  the  1970  Amendments  had 
simply  required  that  EPA  regulate  truck  emissions,  without  specifying 
the  levels,  and  EPA  had  set  standards  which  were  considerably  less 
stringent  than  these  which  weie  required  cf  automobiles.  Finally,  the 
1977  Amendments  called  for  EPA  to  set  standards  for  particulate  emissions 
for  vehicles,  this  was  aimed  primarily  at  diesels.  EPA  has  suLsequently 
set  standaids  for  automobiles  and  lijht-d’  ty  tru-ks  wh.ch  call  for  a 
40*-50*  red.,cticn  ir.  particulai<»  cir.’S''icnc  by  19S2  an^  an  P0'-3'>' 
reduction  by  1985.^“^  EPA  is  cuirently  developing  particulate  standards 
for  heav^j-duty  trucks. 

Tnere  are  a nu.Tiber  of  important  characteristics  o*  emibsicns  regila- 
tion.  First,  for  the  categories  of  automobiles  and  of  light-duty  trucks, 
the  emissions  standards  are  set  in  terms  of  the  maximum  allowable  emissions 
of  each  pollutant  in  gramsper  mile  for  each  vehicle.  The  standards  apply 
uniformly  within  each  category  to  all  new  vehicles  sold,  no  averagi.nc  is 
allowed,  and  small  Hondas  and  large  Cadillacs  are  both  expected  to  meet 
the  same  standards  (but  the  grams  per  mile  standards  are  more  lerient  fer 
the  class  of  light-duty  trucks  than  for  automobiles).  In  effect,  the 
requirements  assume  that  all  automobiles  serve  the  sane  purpose  and  nerce 
should  meet  the  same  absolute  regulatory  reqjireroentr ; the  same  has  bet.', 
assumed  to  be  true  for  light-djty  trucks. 
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For  hflavy  duty  trucks,  howevtr,  it  has  been  more  obvious  that  this 

assuaptlon  could  not  be  made,  and  the  emissions  requirements  instead  are 

stated  in  terms  of  maximum  allowable  emissions  per  brake-horsepower-hour . 

Second,  selling  a vehicle  which  does  not  meet  the  standards  is  a 
violation  of  the  law  and  carries  a fine  of  up  to  $10,000  per  vehicle. 

The  fine  is  understood  by  all  parties  to  be  prohibitive  and  not  to 
operate  as  an  emissions  or  effluent  fee.  The  only  ercepticn  to  this 
IS  that  the  1977  Amendments  allow  a "nonconformance  penalty”  for  heavy- 
djty  trucks,  which  couli  operate  like  a:i  effl'-ent  fee.  Lih  ha.,  not  yet 
made  this  norcontorTtraus  penalty  opeiationjl  but  has  indicate j it  inte'dc 
to  1-  so.2^ 

Finally,  tho  roqui ’’cncnti  appiy  or  1>  th..  fii?t  9 '.f'sr'-  or 
5J,00'J  miles  ct  a vehicle's  li''e,  whi^hcer  tores  first.-'  ramp.e 
vehirlos  arc  tested  over  30,000  miles  pi lor  to  production,  and  sit -c- 
1976  EFA  ha*  tested  sam:  les  from  asse'rl  ly  line  production.  Put  there 
are  no  curient  feaeral  requirements  on  dctuul  emissious  from  in-use 
vehicles,  though  a number  of  states  md  localities  currently  have  in- 
use  emissions  limits  and  EPA  has  plant  for  mere  coirj  rehensivc  inspcetion 
and  maintenance  progxams  in  the*  19b0*s. 

Safety  lequlation.  The  Federal  Government  fust  became  involve  i 
in  vehicle  safety  ir.  1962.-^  In  that  year  Congioss  directed  the  Dep_rt-en 
cf  Cams-,  r^c  (the  predecess'i  in  this  area  ti  N‘ITS\,  whii.-h  was  establis*-.  d 
in  197.it  to  set  standards  for  hydrnulic  brake  fluid.  Standards  for  seat 
b.-lts  (which  were  being  offered  voluiitaiilv  by  the  auto  conpanic  v 1 w>.  e 
set  thi.  following  year.  In  196^  'ongiess  jiioclei  the  General  Sert  >. 
Adnini^ tration  (GSA)  to  pi escril>e  safety  standards  for  vehicles  bo-cht 


by  the  Federal  Government. 
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Deiure,  this  changed  very  little,  since  the  GSA  had  always  had  the  power 
to  set  specifications  for  the  vehicles  it  bought:  ig  facto,  it  indicated 
that  Congress  expected  store  safety.  In  196S  GSA  set  16  safety  standards 
(and  one  air  pollution  control  standard)  for  the  1967  aodel  cars  it 
would  buy. 

In  1966,  in  the  wake  of  Ralph  Nader's  Unsafe  at  any  Speed^^  and 
the  revelation  that  detectives  hired  by  General  Motors  had  harrassed 
Nader,  Congress  passed  the  National  Traffic  and  Motor  Vehicle  Safety 
Act  of  1966.  It  directed  the  Department  of  Commerce  to  set  safety 
standards  for  all  vehicles.  The  first  standards  were  set  fcr  the  196n 
n.'dcl  yea'',  and  further  standards  were  set  fcr  subse.j..er.t  years,  in  1970 
’.•'ITSA  assu.-.ed  respoi.sibility  for  safety  rwaulat ion. 

The  reaulatK'3  whicii  have  prc.ed  most  ■ntroveisul  liave  bee:  tho 
pi-^si'e  ros'raint  standard  fcr  automobile..,  a bumpci  iri  act  pro'.ect le.i 
bt  inda''d  fi'i  automobiles,  and  a brjke  s*  lo'ir.'  foi  hLi\\-d-:>  tr.iVs. 
passive  restraint  standard  has  atti.icted  tht.  m >s;  ,.t  te- * ic.  ' . It. 
arse  to  surveys  whi"h  indicated  that  only  15%-20l  of  car  occapints 
Were  avtujll>  usirg  the  seatbelts  whi^h  vcic  mar.djtorily  prcvided  ir. 
j'l  cars,  NHTSA  first  proposed  ir.  1972  that  ;..i5iuc  resti  ai'tj  (wl  :r  . 
weal  1 ai.tomatically  protect  car  occu-ants  in  the  c'cnt  of  a crash,  v tfi.-..'- 
their  haling  to  take  any  positive  actions)  be  reqaiied  on  all  autora*- i le 
b,-  1976.  At  the  time  it  was  thought  that  airbags  were  the  only  wav  ti 
meet  tbe  requirement.  The  regulatio.ns  were  challenged  in  the  courts  ar 
overturned  in  late  1972.^^  (The  electronic  interlock  syste.-,  which  voul. 

not  allow  a car  to  start  unless  the  front  seat  occupants  had  bucklea  the. 
bolts,  was  an  intei  im  meas'urc  for  197‘J  ai.d  l97a  which  sum  -ed  tf.e  cm"' 
challenge;  it  did  not,  however,  s-’vi'.e  tho  w ivi  o:  ,.ons’i”'er  urha,'f'.-css 
l.n  1974  when  many  cars'  systems  failed  to  v..  rk  pro!erl>,  and  Congress 
s,  eci*^ically  repealed  the  irtorlcck  re.-jui’'”-o  ' ii.  19'... 
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NHTSA  vent  back  to  the  drawing  boards,  and  in  1977  the  agency  again 
proposed  that  passive  restraints  be  required,  this  tine  to  be  phased  in 
during  the  1982-1984  B»del  years.  This  timo  the  regulations  surviv'd 
court  challenges. By  1980,  however,  it  appeared  that  automatic  belts 
(whith  automatically  enclose  a front  seat  occupant  when  the  fro^t  door 
IS  closed),  rather  than  airbags,  would  be  the  devices  installed  in  most 
or  all  cars  to  meet  the  requirements.  This  has  angered  some  members  of 
Congi-^ss  and  officials  of  NHTS?  , who  feat  that  many  motc'.sis  will  dis- 
C'jnne^t  the  avtor.itic  belts  (whereai  it  would  be  mr.re  difficult  t)  .is- 

corc-rt  airbac-)  . As  of  this  writing,  a bill  iti  CcnirerE  that  w^ul  1 

dtl  • the  star-ai  ' to  1983  out  wouln  rcqu.rc  •"hat  sc"'*'  '.rba.js  to  cf'"c.r' 
stjn-s  a if,  gai'd  cha  ice  cf  bei-.g  ,'asren, 

Lik«.  f.c  omissions  .stCT.Jarus , there  aie  seoar  *c  toTt.  star'u  j 
fer  "I  '’tlv-,  licht-i'utv  tr’jcks,  -i'  h<  i.\—fjt,  truck',  bu'  th' 

St  'U  o ■ 1/  u'l'oj'ily  to  all  new  \i*,-lts  »olu  wit.’-i*  ejth  iteu.i/ 

S',  i 1 - t n ».  kc!..cle  which  dec':  rt't  r'eut  the  star-",  d;  it  a violut.^ri 

c'  t'lc  lav  a'!  e.mes  a pc. .airy  t;  ,iy  t u Ci.OU.  pc-  "c'.icle,  agj.",  t .> 
IS  roirt  to  be  punitive  anu  not  to  ccerate  111"  an  effluer'  ^cc 
Fiiulls,  there  is  no  federal  program  for  in-use  inspr ctic- , but  M 73A 
his  act:\cl>  entourage  the  states  to  establih  safety  insfection  s'j.tc'"s 
Fut  1 economy  regulation  In  December  197S  Congress  passed  the  Li.c" 
Policy  and  Conservation  Act,  which  established  fue.  economy  sta- liras  *' 
a.-’-onobi  les  18  miles  per  gallon  for  197B,  19  mpg  for  19'9,  20  mg  fv 
a'ld  27.5  rr;  3 for  1965.  The  Act  also  instructed  NHT5A  to  set  st-n  is*  s • 
the  1971-1974  interim  years  for  autos,  wr.ich  the  agency  did  in  Jul  IV 
and  to  set  standards  for  light-auty  truc-s,  wfu.h  the  age-cy  hs'  o.-.  Jc 
ind  ’irst  applied  to  the  19?9  models. 


Standards  for  heavy-duty  trucks  were  not  required  (again,  one  suspects, 
because  the  claim  that  all  vehicles  within  the  class  could  be  regulated 
uniformly  could  not  be  sustained). 

Unlike  the  emissions  and  safety  standards,  the  fuel  aconoiuy  standards 
do  not  apply  to  each  individual  vehicle  but  rather  to  the  sales-weighted 
average  of  each  manufacturer 's  vehicle  sales  in  the  appropriate  category. 
Further,  the  original  law  contained  a one  year  carry-forward,  carry-back 
pro.'ision,  and  in  1980  the  carry-forward,  carry-back  allowance  was  extended 
to  three  years  If  a manufacturer  fails  to  meet  the  standard  (and  car'iot 
take  advantage  of  the  carry-back,  carry-forward),  the  conpany  is  s-bjcct 
to  a pe.nalty  rf  S5  per  0.1  npg  that  his  fleet  averace  falls  short  of  the 
star.dard,  to  be  ajtlied  tc  all  vehicles  sold  by  t).at  manufacturer  i:.  tr.at 
catecrrj  Th..s , if  Gereral  Motors  sold  4 irillirn  cars  a model  year 
and  tne  sa les-wemhted  averaqe  fuel  economy  of  tht,t  fleet  fell  short  of 
t.ne  star.card  b%  C.f-  npc.  General  Motors  would  pj^  a oe:ult>  of  $11-.  rr.llion 
This  clear)\  is  a non-trivial  penalt>,  b.t  it  is  : — drac'~-ian,  it  j.rc  -iceS 
incentives  tl.at  are  comparable  to  those  of  an  cfl  c- 1 foe. 

The  standards  aprli  to  the  first  50,000  mile  .f  a vehicle's  life: 
the  fuel  e.-c-omy  of  each,  model  vehicle  is  detemi-ed  as  a by-predort  of  L-A* 
pre-produ~tion  certification  tests  for  air  ivallutant  emissior.s.  T.’-en 
are  no  recuire.'nents  that  apply  to  in-use  vehicles. 

For  about  two  years  - rouahly  the  period  between  NHTSA's  cstah . ; s.--  nt 
of  the  irtenr  yea:  standards  in  Julv  1977  an.n  July  1979,  when  tie 
effects  of  the  sharp  rise  in  gasoline  pri.es  h.- J bc*C’  felt  - it  u’-“j-c  . 
that  the  fuel  econo.-y  standards  for  a_ton  w :1  ' Li.  binding  a-d  w.  _ . 

/•rrr  the  ccrpanies  to  take  actions  w'-ich  the  r irket  could  not  c * •-  i-ise 
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have  motivated. 


B-t  co."SUTcr  resp>on'e  to  tli« 


asc  1'  oasoi.' 
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hjia  shiftad  the  salas-Miighted  «v«ra9«s  ofthe  Mnufactur«r«  sharply 
toward  oullar.  Bora  fucl-afficiant  vahiclas;  siBilarly,  the  likely 
aarket  response  to  future  fuel-saving  innovations  appears  Buch  Bore 
favorable  and  would  activate  the  cesapanies  to  pursue  fuel  efficiency 
vigorously,  even  in  the  absence  of  the  current  standards.  The  current 
debates  over  fuel  economy  standards,  then,  focus  on  whether  and  to  what 
extent  the  automobile  fuel  economy  standards  should  be  tightened  ..fter 
1965  a.nd  on  the  light-duty  truck  standards  for  the  Bid  1980‘s. 

One  cthe*  , less  well  K..own  fuel  econc— _•  prevision  sho-ld  be  ne.n- 
tioned.  In  the  fall  of  19T6  Congress  passed  the  Energy  Tax  Act  o;  29~d, 
whict  contained  a set  of  "o  is  guzzler"  taxes.  These  are  cxcist  taxes 
w*-i.‘.  imj  ly  no  violation  of  the  law.  The>  ate  wholly  indei'endcr.t  o'  thf 
fuel  econam  standards  just  describe!  a*'!  ap:l_.  to  each  car  sold  which 
falls  below  a certain  level.  For  example,  for  the  1960  model  year,  eacl 
c.ir  i*-at  failed  to  achieve  15  mpg  was  sub 'vet  to  a tax  of  S200  - S55o, 
depofiding  or  the  extent  to  which  it  fell  short  of  that  ficure  to  this 
a_th.:'s  Knowledge,  no  cars  were  rej-ireJ  to  pay  the  tax  in  19.-^'.-^ 

B\  l-'di.  tl.e  tnininar  •'ceptable  level  will  be  22.5  rpg  aid  the  tax  ranoe 
from  S500  to  $3,850. 

h . At  t 1 1 r us*,  t ol  i > y 

In  January  lSv9  the  Justice  IXiatt-t,’*  btouofi*  a-  ar*  it:  ist  s :• 
acair.st  t.he  indiMdua]  motor  vehicle  m.a-  ’'a.t-terr  a'd  trcir  ind_sti\ 
as'.'c:iti  n.^'*  The  suit  charged  thu'  a l9l  . ’x  s .-1 -censiiiO  ai:-?i'-  * 

amor.  1 the  m'. jf acturer s and  other  j'-i't  tihi.ix*  had  constitute! 
"contract,  combination. ..  .or  conspi:  ic>  in  lestraint  of  tracie"  which 
had  delated  the  development  of  poil-tant  e-issior.s  cfticl  techncloc.. 
a- J which  therefore  was  a \iolaticn  of  Sectun  1 ol  t*-e  T'let-ar.  Act.' 


-i/- 

The  suit  was  settled  with  a consent  decree  In  September  of  1969 
with  no  sdaission  of  guilt  by  any  of  the  parties.  They  sgreed,  however, 
to  end  the  cross-licensing  agreesent,  to  avoid  exchanging  proprietary 

infomation  with  each  other,  and,  in  essence,  to  refrain  frost  any  ^oint 

ef 

behavior  with  respect  to  the  development  enissions  control  technology. 

The  1969  consent  decree  represents  the  Justice  Oepartjnent 's  basic 

position  toward  joint  research  efforts.  ^is  deeply  suspicious  that 

in  any  joint  effort  the  cootnon  interests  of  the  industry  may  prevail 

o\et  the  con;  ot  1 tive  instincts  of  the  individual  companies.  In  M.iy  1979, 

howceer,  the  Justice  Departmtnt  agreed  to  allch  Generol  Motors  to  sell 

to.h'ical  as.'ist.ince  on  cnisstcns  ccr.tiol  at  i passive  restraint  tcchn.>loav 

,c  .-'h'- ? !<.  r , w'  icr  was  ailin'  mat  i i.. ’.  Iv  t>.*  Departmett  fe.'roc  tint 

C''t,«'lor  si-^U  V Id  not  afford  tin.  n».*e«'S’'y  research  and  rigl. w ''ail 

tr  teot  thi  loqu-rcrents,  with  unvcrtaiu  to  iscq  icnces . The  Dcpirtn  rt 

•■j  [ -•'.u  ' Iv  all  we’  OOietil  M ' "s  t ' tin  San  fi  : Antijcan  K *i  • . 

In  .Iv  1>  J9’-l  Ford  coinplair.eJ  that  it  was  now  the  ‘‘c.dc'  nan  ov,t,“ 

the  onl.  cem,  ir.\  still  required  to  ob*'er\e  the  p.vihibition  or.  exchangi:.'; 

1’  •vrrvation.  In  April  1979  the  District  Court  supervising  the  cor. sent 

fleer,  i « 

’ecrce  had  decided  to  extend  the  prohibi  t ion» on  irfc>mation  exrhanaor 

A 

ai.d  jrirt  reports  to  government  agencies  tor  an  additional  10  years  in 
J..l>  , s>— ipathetic  to  Ford's  (lea.  the  Cr_rt  reversed  itself  am  tndi  tt.t. 
pr.iliit-tir'nj^- . the  reminlct  cf  the  corsc'.t  decrc-  is  still  j -i  c'ft.  J 

m 

C.Federil  Fjndinc  e!  Pesearcl 

A nanber  C federal  aget  cies  have  coila.-te.'  faeir  own  resv  ir.l 
arid  funded  outside  research  on  motor  vohifiv  . The  motivatir  - * • r< 
behinc  this  rese  ireh  have  varied  from  acr  i ",  to  cioe  cy.  Tb>.  - and 

tic  Festal  Service  have  conducted  tesea  i-.  i a- • -if  tK.r  .c’  ..  ; ; > - 


curenent  p^ograns. 
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CPA  and  MHTSA  have  conducted  and  funded  research  to  gain  a basis 

A 

for  regulatory  requirements;  since  there  is  always  an  explicit  or  implicit 
feasibility  test  that  regulations  must  ai>eet,  the  agencies  need  their  own 
sources  of  information,  to  serve  at  least  as  a partial  check  on  what  the 
motor  vehicle  companies  are  claiming  is  feasible.  NHTSA  research  on  safety 
is  also  aimed  at  demonstrating  safety  possibilities  and  goading  the  industry 
into  further  research  efforts.  The  Urban  Mass  Transit  Administratiot, 
also  within  the  Department  of  Transportation,  has  funded  research  on  bus 
design,  as  part  of  its  efforts  to  help  develop  and  fund  urban  transit 
system?.  The  Energy  Development  anc  Research  Administration  (ERDAi, 
witnir  the  Depaitment  of  Energy,  has  funded  research  on  the  development 
c:  electric  vehicles  and  on  turbine  engines,  as  part  of  its  mission  to 
encourage  more  efficient  use  of  energy  and  encourage  alternatives  to 
petr^leu“  use. 

Tr «.  rescarc'-  dearrioed  thus  fa  wt -It  char  acterized  as  ar^ulied 
re.i-  i.h  .-r  e .’e'.  as  dc  .'olw.y.-ci  t ef;  "-7  f .ji"'  cor.-*  C*t  ‘ u'.ds 

L>si  research  on  autom.rti.e  engj.:.o?  oi.  -inbj.-iio'  pro'-esscs. 

T'.e  current  aa.'unt  or  research  d J.-.elcj  mcr.t  spc'.ii  ■;  t\  tr  •- 
Ta^'eral  Cuvertment  cr>  nat''r  '.ehicle*.  is  • c*.  1 .rgr  - probat.y  i.  " rc 
t an  S25C  nillior.  per  year,  with  or.lt  ^bout  ZAC  nillicn  cf  t.his  cor' ti- 
t-tin- basic  resea’"ch.3t  py  co-sj-rtrisor  , t.  e three  largest  motor  '.e...:lt 
ma  lufact urers  alone  spent  S-5  billio'  on  research  a- J development  in  I5'9, 
of  which  roughly  S3  billion  was  sp^rt  o.n  North  American  motor  vehicle 

research.  If  the  sp>ending  of  the  ot.^'er  vehicle  manufacturers  and  of  the 

AInti 

parts  and  materials  suppliers  were  included,  the^total  would  be  well  above 
S-l  billion.  And  the  Federal  Goverruvnt  sp>en.is  about  $29  billion  on  all 
research,  of  which  Sl'i.2  billion  is  spent  fer  non-military  purposes . 
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Thus,  the  federal  sums  spent  on  sotor  vehicle  research  are  not  lar9e 
in  coeparison  either  to  sotor  vehicle  industry  R & D or  total  federal 
R £ D expenditures. 

Recently,  a new  research  progran  has  come  into  being,  the  Cooperative 
Automotive  Research  Program  (CARP).  CARP  had  its  origins  in  a DereiBber 
1976  speech  by  Secretary  of  Transportation  Prock  Adams,  in  which  he 
called  for  an  effort  to  "reinvent  the  automobile,"  so  that  a goal  of 
50  irp.;  could  be  met  by  the  1990's.  Adar^'  proposal  was  eventually  tru'-.s- 
forTBcd  into  a jointly  funded  basic  research  program  or.  fundamental  asjerts 
of  motor  vehicle  construction,  design,  ana  op. ration,  with  the  Fede:_l 
G .errjncn*  and  tlie  automobile  ndusc  y s.  littir.g  the  costs  50:5D  ,.:d 
the  na-ofarturers  splitting  tt'e  costs  amo.ni  the.'''elves  in  ptcp^rtt  • 
to  sales'.  The  prcgiam,  in  essence,  rpetiiirs  . quota  of  resedtcl. 

*undi' : thu*  evch  of  th-  partn-S  r..st  sl"j-  itcly  ..ndcrtake  (afc  vt  j 
ir>e.i‘.i.'  bJoeiini  level)  from  an  ..free'  j[  i list  of  rebearc'-  tupi.s. 

The  ICS.  i’lIi  icbults  ari  expected  to  be  dis^’.-nii  .it*’.,  to  all  pai  1 1 cipan  t s . 

A CA'!.  .-versi  ;ht  ccmrittee  is  to  nonitoi  itie  provta",  to  ma)ve  sui'  t.h.it 
a.i  cf  t.ho  parties  live  u;  to  tbeir  foit  cf  the  baroain.  Fcr  the  Irc. 
fis.ul  vei-,  the  Federal  Governmert  has  appropriated  $1T  millic."  t)v 
c je  tuil  toal  is  a S5C  million  per  year  federal  contributicn,  w,th  a" 
e,wUl  ca-tribu*;on  b>  industry. 


V.  QUEsnoBC  ooacEiwnc  oovtwgKr  policies 


A.  tfgulation 

Most  of  the  debate  concerning  »otor  vehicle  regulation  focuses  or. 
the  stringency  of  the  regulaticms;  i.e.,  it  is  a debate  over  the  costs 
and  benefits  of  the  regulations  and  whether  the  levels  of  stringency  , 
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s.nooiJ  bo  increased  or  decreased.  We  will  not  review  this  debate  here, 
b_T  Will  instead  concertrate  on  the  consequences  of  the 
rec-latiors  for  innovation  in  the  actor  vehicle  industry. 

First,  the  current  form  of  regjlaticn  may  be  trying  to  induce  to».- 
r_.~*  inno/at-on  from  the  ipotor  vehicle  industry  and  not  enough  chanats 
IP  behav.or  frer  motorists.  The  priir.^ry  approach  of  Congress  and  the 
reoula'.ors  has  been  to  confront  the  motor  vehicle  industry  and,  ir  effect 
say,  “This  is  your  problem;  you  should  fix  it."  Partly,  this  stance 
refltcts  Ccr-Tress’  belief  in  the  boundless  tech.nolcgical  ingenuity  pf 
Arw.*:ca-i  ind-'-try;  partly,  this  is  an  e isv  ji.  popular  political  positio' 
-t  , for  an/  desired  level  of  overall  .ichicv«-ncr.t  ip  rtculatciy  arc..s,  a 
b«*tt  r balance  of  conpar>  actic.n  and  nct..:i=t  action  would  sur^lv  red-cc 
soci  .1  costi.  Hiche;  prices  for  gasoline  are  s_rely  the  low  social  cost 

s 

w.iv  cf  reducing  fuul  con.  urpti.-.  ;.s  t..e  txp«. : .enwi.  o:  the  mere...-,  i 
Gasoline  prices  in  1973-1914  and  again  in  19~1  his  shown,  hiaht’  i.'i.ts 
do  leac  to  !«»•=  driving,  a shift  in  der.-i  tov.ari  To*e  lue^  t:  ( 

vehicles,  and  greater  manufacturer  inteiest  x.n  f.e.  efficicnc,  . A 
s^step  of  ip-cse  inspectioi  of  actor  vehicle  irissions  and  effl.e’it  toir 
levied  on  motorists  would  induce  then  to  maintui-.  their  cars  propcrl> 
ard  tc  seeV  out  low  emissions  models. Incenti.es  to  encourage  notoiists 
to  wear  seat  belts  would  surely  be  less  sociallv  expensive  ►han  t! ^ 
mandatory  irstallation  of  passive  restraints.  ‘ 
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Second,  the  inflexible  neture  of  standards  which  have  the  form 
of  "every  vehicle  Bust  aeet  the  standard  or  else...."  (e.g.,  the 
coiissions  and  safety  standards)  has  a serious  effect  on  innovation.  It 
discourages  research  on  innovation  which  may  be  low  cost  which  cannot 
quite  achieve  the  standards;  "a  miss  is  as  good  as  a mile."  It  discourages 
research  on  innovations  which  are  very  good  at  meeting  sore  standards  b^t 
have  difficulty  in  meeting  others.  For  example,  diesel  engines  are 
nat -rally  low  emitters  of  CO  and  HCj  diesel  vehicles  usually  bav. 
emissions  below  the  "cleanest"  comparable  gasoline  vehicles.  But  it  is 
difficult  to  reduce  the  NO^  and  particulate  emissions  of  diesels  to  the 
levels  achieved  by  gasoline  vehicles.  The  inability  to  trade  off  good 
achievement  in  the  one  area  against  not-so-cood  achievement  in  the  other 
area  has,  at  various  times  in  the  past  decade,  discouraged  research  on 
diesels. 

Further,  it  is  clear  that  the  original  1975  and  1976  deadlines 
embodied  in  the  1970  Amendments  to  the  Clean  Air  Act  created  a mixture 
of  incentives  for  the  coetpanies:  One  the  one  hand,  if  they  thought  tlic- 
Act  was  really  going  to  be  enforced,  they  needed  to  find  a qcich,  low- 
rish  way  of  meeting  the  requirements,  even  if  this  meant  a hian  cost 
technology . On  the  other  hand,  it  was  highly  unlikely  that  the  few  larqe 
motor  vehicle  companies  would  be  shut  down  or  severely  renalizec  frr  fail.-e 
to  meet  th«  standards,  as  long  as  the  appirarance  of  a good  fait’,  efrert 
was  maintained;  the  credibility  of  rhe  enfcrcemcrt  or  tlifc  pui.i::  e = 

was  quite  low.  Hence,  seme  surreptious  foot  drrggiug  would  have  beer, 
worthwhile.  It  app>ears  that  both  kinds  of  incentives  ceuae  into  pla.  at 
various  times  for  various  companies.^  Xeither  set  of  incentives  provide 
the  proper  motivation  fer  research  and  developp.er.t.  An  effluent  f«.e  s-ste- 


would  do  so. 
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ntlrd,  bccauM  the  regulatory  structure  can  only  ispoae  standards 
that  are  perceived  to  be  feasible  and  feasibility  (to  a great  extent) 
depends  on  research  and  development  information  generated  by  the 
regulated  coepanies  themselves,  the  regulation  itself  stay  retard 
research  and  innovation  in  the  regulated  area.  This  is  most  li)cely 
to  happen  »d»en  the  regulator  faces  a monopoly  or  a tight  oligopoly. 

A monopolistic  interest  in  restricting  information  are  quite  clear. 

Ii  s-ch  instances,  a regulatory  agunc,  woulo  have  to  rely  on  its  o«t. 
research  or  on  that  of  third  parties,  but  Lath  are  clearly  inferior 
tw  the  )tj.r.d  of  information  that  the  re''ulntei  industry  itself  is. 
capable  of  generating.  (Ly  contrast,  i-  a comtotitive  industry, 
each  firm  would  try  separately  to  develo;.  the  feasible  technology,  in 
the  hope  that  the  regulator  would  then  adapt  the  appropriately 
stringent  standards  and  the  successful  firm  co.,ld  watch  its  rivals 
wit.her  or  could  maXe  large  profits  fron  licensing  its  tech.nology  to 
then. 5 An  effluent  fee  (or  similar  incortivc)  approach  would  reduce 
this  problem,  since  even  the  sonopoly  firm  always  experiences  a direct 
Q.iin  in  discovering  low  cost  ways  of  reducing  its  emissions  yet  further. 

rourt)i,  the  fleet  averaging  approach  embodied  in  fu«.l  econor> 
standards  must  allow  greater  flexibility  and  errouraoe  more  snciall-, 
desirable  in.-ovation  than  does  the  u.nifc-:.-  stuncuru  for  ull  i^'.i.its 
approach  enbcdied  in  the  emissions  and  safety  standards.'^' 

B.  Antitrust 

The  aiguments  for  and  against  loir.t  xc-starch  efforts  are  fairlv 
straight  forward.  Joint  research  can  avoid  eostly  duplication.  It 
can  encourage  an  interchange  and  interplay  or  ideas  which  na>  lean  to 
new  ideas  which  might  not  otherwise  occur.  But  the  joint  interests  of 
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an  industry  vay  lie  In  st^ressin9  sone  innovations  which  individual 
coepetition  Slight  pursue.  This  point  is  especially  clear  in  the  context 
of  externality  regulation,  but  it  can  hold  equally  validly  for  innovations 
in  an  unregulated  market.  This  need  not  be  another  version  of  the  apoch- 
ryphal  tale  of  the  oil  companies  suppressing  the  invention  of  the  pill 
that  turns  water  into  gasoline;  . tt  u a logical  extension  of 

the  proposition  that  a sonopcly  could  find  it  worthwhile  not  to  offer 
soae  varieties  or  qiialities  of  a good  that  a cosqietitive  industry  would 
offer.'*’ 

Accordingly,  one's  assessaient  of  the  wisdom  of  30int  research 
efforts  depends  on  one's  views  of  likely  duplication,  idea  c-.'ichangei 
and  Toint  oligopolistic  innovation  suppression.  There  is  little 
question  that  the  motor  vehicle  industry  has  exf»erienced  more  com- 
petition from  ove.-seas  souiccs  In  the  past  20  years  than  was  true 
ir.  previous  ueoodes.  Kevci thelcss.  regulatory  actions  are  st.ll 
basec  hea\ i ly  on  perceptions  of  what  the  domest’C  industry  is  able 
to  achieve  Ai»c  the  aegree  of  con^jet : r lor  irom  abroad  is  c Iways 
subject  to  the  whims  of  the  political  pre.-ess. 

It  IS  this  author’s  judgment  that  tlie  gams  from  joint  researef. 
are  not  likely  to  be  great  and  the  risks  are  probably  greater, 
especially  in  regulatory  areas. 

C.  Federal  Funding  of  Pesearch 

The  arguments  for  and  against  federal  funding  of  researcr. 
are  also  fairly  straight  forward.  Research,  espiecially  basic  research, 
has  the  familiar  preperty  of  externalities.  The  firm  doing  the  researrh 
IS  unlikely  to  be  able  to  capture  all  of  the  gains  of  the  outp-t  of 


the  research.  Thus,  the  social  benefits  from  research  exceed  the 
private  benefits.  Xlso,  private  firms  suy  be  less  inclined  to  take 
risks  then  would  be  socially  worthwhile,  or  they  suy  have  too  short 
a time  horizon  and  use  too  high  a discount  rate.  For  all  of  these 
reasons,  a profit-maximizing  fins  is  likely  to  conduct  too  little 
research  from  a social  perspective,  and  this  problem  becomes  progressively 
worse  as  the  research  becomes  progressively  more  basic.  Thus,  there 
IS  a case  to  be  made  for  some  kind  of  social  funding  or  assistance 
that  will  supplement  private  research  effoits.  Also,  i!  a monopoly 
firm  n an  industry  is  not  conducting  rescirch  on  products  that  it 
fears  may  simply  divert  demand  fro-,  its  more  profitable  ite>'s,^^ 
a rase  for  government  research  can  be  made.  Further,  as  noted  in 
Part  Ii’,  in  a reoulatory  context,  government  agencies  need  to  conduct 
research  sc  as  to  have  a check  on  what  -the  regulated  industries  are 
clairi;ig  is  feasible.  And  in  a purc'iasinu  context,  government  ageniies 
may  need  tc  conduct  their  own  research  so  as  to  better  assess  the  products 
they  purchase  and  p>erhaps  suggest  alternatives  to  vendors. 

There  are  two  ma^or  problems  with  government  funding  of  research 
that  IS  meant  to  supplement  private  efforts.  First,  tne  government 
lunded  rese.irch  nay  supplant  rather  than  supplement  the  private 
research;  i.e.,  government  funded  research  becomes  a substitute  for, 
rather  than  a conplement  to,  private  research.  This  is  progressiveU 
more  likely  as  the  research  progressively  becomes  more  applied  and 
development  oriented.  Thus,  the  net  addition  to  total  research  is 
smaller  than  expected  or,  at  the  limit,  n>.  n-cxistent , and  there  art 
clear  distributional  (equity)  consequences  thit  flow  from  govermc  i 
funding  rather  than  private  funding. 


Second,  beceuM  govemaent  agencies  do  not  face  a narket  test, 
there  is  less  assurance  that  the  research  that  is  funded  by  governiDent 
will  ultisately  prove  to  be  socially  worthwhile, at  least,  as  judged  by 
markets.  (Of  course,  if  govermaent  is  funding  research  on  externality 
problems,  which  the  private  sector  would  otherwise  ignore,  a market 
test  is  inappropriate-unless  a market  test  is  created, through  devices 
such  as  effluent  fees.)  Government  agencies  hive  neither  the  proJit- 
maximizing  motives  of  pri\ate  firms  nox  the  competitive  push  of  fear 
of  survival  in  markets.  Thus,  inappr-j-riatc  res“brch  and  waste  became 
more  likely,  and  this  problem  becomes  mere  severe  as  the  resear.h  cor.es 
closer  to  the  inaTket;  i.e.,'as  it  becomes  rort  applied  and  development 
oriented. 

The  argument!  both  for  and  against  government  f>  nding  point  ir. 
the  same  direction:  {k>verni»ent  fuiiiing  that  is  directed  at  supplementing 
private  research  should  focus  as  much  as  possible  on  the  basic  research 
end  of  the  spectrum.  Only  the  monc^ly-limitation,  regulation,  and 
purchasing  arguments  point  toward  more  applied  research. 

By  these  standards,  the  federal  programs  get  a mixed  rating. 

Some  basic  research  is  being  funded  (S40  million) , Lut  much  applied 
research  (e.g.,  on  electric  vehicles)  is  also  occuirino.  NHTSA 
conducts  a modest  amount  of  research  ($60-$65  million) , much  of  it 
on  ac'ident  causation.  EPA  conducts  very  little  researrJi  (at  test, 
a few  million  dollars). 

The  CAR!  proqraxn  seens  reosorotly  well  ciesignen  to  avoid  the 
pitfalls  of  federal  funding.  It  fccuses  on  basic  research.  It 
tries  to  induce  added  research  froc  all  pa: ties,  above  some  base- 
line. And  it  avcl  most  of  the  joint  collusion  problem  by  specifying 
that  each  party  undertake  the  research  set  arately  but  disseminate  the 
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ratults  (which  would  probably  occur  anyway).  A program  of  $100 
million  per  year  ia  not  large  when  viewed  against  total  motor  vehicle 
R C 0 budgets  in  the  $4  billion  range,  but  it  surely  constitutes  a 
much  larger  fraction  of  the  total  of  basic  research  that  is  being  cor. 
ducted. 

In  the  end,  the  CARP  program  may  have  more  value  as  a symbol  - 
as  an  indication  of  a non-hostile  attitude  by  the  Federal  Government 
toward  the  industry  - than  as  a program  that  achieves  great  brea)i- 
throjghs,  but  it  is  well  designed,  it  is  inexpensive,  and  it  is  un- 
likely to  do  any  ham.  Most  economists  would  surely  wish  they  could 
say  the  sane  about  many  other  goven.rort  iro-irams, 

D.  Snoulu  ke  Mount  Another  Manhatt.-  o;  Ar;  Ho  Proie.  f’ 

At  \arious  times  in  the  past  de  adt  there  have  been  calls  for 
rt  rraiSi'.e  federal  effort  to  develop  ’ tnc  r luiion"  to  the  prub.errr 
cieatoJ  b/  irctor  venicles  and  the  irtr  na.  oonbustion  encine. 

EirU  It.  t)io  the  prir.iry  pr’^blen  w-->  seen  to  be  the  pollution 

problems  of  vehicles;  at  the  end  of  the  decade  the  problem  was  fuel 
consv.Tirti''ri.  The  successful  federal  efforts  to  develop  the  atom 
bomb  (the  Mir.hattan  Project)  and  to  put  a nan  on  the  moon  (the 
Apollo  Project)  are  frequently  held  up  as  examples. 

The  meter  vehicle  problem  is  different,  ar i Ka:  hatta  i and 
A, olio  Projects  do  not  provide  useful  guides.  Efforts  to  find  "the 
solution"  to  the  motor  vehicle  probleni  ougnt  to  pass  an  exp'ecteo 
Cost-benefit  test:  this  author  is  unaware  of  such  tests  being  imposed 
on  the  earlier  projects.  Further,  the  earlier  projects  involved  the 
Federal  Gc\ernmcnt  as  the  final  purchaser  of  tne  tecnnolouy  to  be  de- 
vtloped  It  could  ma-;e  the  iin.il  decisior  s .i ' t ■>  vhii^was  pet  suita'I. 


By  contrast,  Mtor  vehicles  have  to  be  sold  annually  to  15  million 
purchasers.  The  tsotor  vehicle  itanufacturers  have  strong  notions  as 
to  what  is  and  is  not  aiarketable,  and  the  potential  for  serious  con- 
flicts between  the  funder  of  the  technology  development  and  the  seller 
of  the  final  product  is  quite  clear. 

Modest  funding,  along  the  lines  of  CARP,  may  prove  beneficial; 
massive  funding,  along  the  lines  of  Manhattan  or  Apollo,  would 
probaMy  be  a mistake. 
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VI.  CCWCLUSIONS 


T«chnical  change  in  the  notor  vehicle  industry  will  contioe  to 
be  an  inportant  concern  of  public  policy.  Pollutant  cBlssions  and 
safety  regulatory  prograns  will  continue  to  receive  Mjor  attention, 
and  the  total  fuel  consumption  of  the  U.S.  vehicle  fleet  is  likely  to 
be  a continuing  target  for  public  policy.  The  ability  of  the  domestic 
industry  to  compete  against  overseas  producers  will  also  remain  high 
cr.  the  list  of  public  policy  concerns. 

As  this  has  argued,  the  Federal  Covernnent  certa.nly  can 

affect  the  overall  direction  and,  to  a limited  extent,  the  oterail 
jd.t  of  te.h.".ical  ckonge  through  rtc^iatorj  proc: --s.  W-jtier  it 
car.  - or  should  - affect  the  overall  pace  in  a no.'e  sabstantial  way 
IS  oi  en  to  questiof.. 

A mass:- V effoit,  along  the  linos  ot  f '•  Kann.'ttan  cr  Apollo 
Projects,  see-3  unwise;  the  much  mere  limited  CARP  program  seems 
reasonable  cr,  at  worst,  harmless.  The  current  suspicious  view  of 
joint  industr-/  research  efforts  seen-a  sensible.  The  major  area  of 
beneficial  chanae  would  be  in  the  regulatory  prograr-s  themselves. 
Economists  have  long  called  for  reaulatory  programs  that  employ 
econom.ic  incentives  rather  than  "command  and  control"  techniq-'es, 
usually  on  the  grounds  of  static-economic  efficiencj.  As  wc  ha  <_ 
argued  in  this  paper,  an  economic  inceritive  approac  . would  also 
ha\e  important  favorable  consequences  for  inrovatic-  ir  the  m-tor 


vehicle  industry. 
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GOVERNMENT  STIMULUS  OF  TECK\OLOGICAL  PROGRESS:  LESSONS  FROM  AMERICAN  HISTORY 

Richard  R.  Nelson 
Yale  University 

I.  Analyzing  a Complex  Historical  Record 

The  preceding  case  studies  reveal  a record  that  is  rich  and  complex. 

The  United  States  indeed  has  had  considerable  experience  with  policies 
aimed  to  spur  or  guide  or  constrain  industrial  innovation.  Let  me 
briefly  review  that  experience  as  recounted  in  the  case  studies. 

A Brief  Review 

From  the  beginnings  of  the  industry,  the  federal  government  has  been 
a major  stimulator  and  supporter  of  technological  advance  in  aircrafi. 
Military  procurement  has,  at  virtually  all  times,  accounted  for  a 
significant  fraction  of  total  sales  of  the  industry.  Direct  govern-e-t 
support  of  R&D  has  taken  several  forms.  During  the  heyday  of  fiACA 
government  funds  supported  R&D  and  testing  relating  to  aircraft  in  gcr-a'; 
during  this  time  the  generic  aspects  of  nilicary  and  commercial  tccnncloc'es 
were  relatively  undifferentiated  and  advances  in  unaerstandir.g  o’-  desi:- 
principals  relevant  to  one  usually  were  rele/ant  to  the  other  as  we' 1 
The  government  also,  of  course,  funded  R&D  on  airfr_.es  and  components, 
intended  for  specific  mil  ita'-y  needs,  altroucn  in  many  cases  the  comca'-es 
invested  their  own  funds  in  hopes  of  winning  a procurement  contract. 

Since  World  War  II  government  RSD  monies  have  gone  largely  into  work 
with  specific  military  applications  in  mind.  It  has  turned  out  that  a 
good  portion  of  military  technology  continues  to  be  also  applicable  to 
civil  aviation,  although  recently  these  techrologies  have  been  drawing 
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apart.  The  post  war  era  also  is  marked  by  an  attempt  on  the  part  of 
government  to  pull  forth  and  support  the  development  of  a conmercial 
supersonic  transport,  an  experience  which  ended  as  an  expensive  abort. 

CAB  regulation  of  the  airlines,  and  the  constraints  on  vertical  inte- 
gration imposed  by  the  Airmail  Act  of  1934,  also  have  been  important 
influences  on  the  way  civil  aircraft  technology  has  evolved. 

There  has  also  been  a strong  military,  and  space,  interest  in  computer 
and  semi-conductor  technology.  In  semi-conductors,  most  of  the  early 
work  that  laid  the  foundations  for  the  industry  was  privately  financed. 
Government  R&D  fundip.y  came  later.  On  the  other  hand  much  of  the  early 
exploratory  research  on  computers  was  done  under  government  contracts. 
Government  procurement  accounted  for  a large  percentage  of  the  sale  of 
both  industries  in  the  early  days.  While,  as  the  industries  began  to 
tap  commercial  markets,  government  procurement  and  R&D  funding  came  to 
play  smaller  -oles,  in  both  industries  the  government  market  continues 
to  be  significant.  Public  monies  have  continued  to  support  university- 
based  research  relevant  to  these  industries  and  advanced  education. 
Anti-trust  considerations  have  played  an  important  role  in  the  evolution 
of  both  industries.  Had  Bell  Laboratories  and  Western  Electric  gone 
into  commercial  production  of  semi-conductors,  the  industry  likely  would 
have  taken  on  a very  different  shape  than  it  did.  Anti-trust  controversy 
seems  to  swirl  continuously  around  IBM  because  of  the  dominant  position 
it  has  achieved  in  the  commercial  computer  market. 

For  many  years  public  funds  have  supported  applied  and  basic  research, 
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higher  education,  and  extension,  relevant  to  agriculture.  Unlike  the 
situation  in  the  three  industries  mentioned  above,  in  the  case  of 
agriculture  there  has  been  no  major  public  procurement  interest.  Ho^-iver 
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the  farmers  of  the  United  States  have  formed  a strong  political 
constituency  demanding,  and  to  some  extent  guiding,  government  RSD 
support.  The  public  RSD  systen  has  largely  been  operated  through  the 
agricultural  colleges  and  experimentation  stations  of  the  state 
universities.  Decision  making  regarding  RSD  allocation  has  been  largely 
decentralized  to  the  individual  stations,  which  depend  on  their  state 
legislatures  for  a hefty  portion  of  their  funding. 

In  pharmaceuticals,  as  in  agriculture,  significant  federal  monies 
have  cone  into  basic  research,  and  into  the  establishment  and  maintenance 
of  programs  to  train  scientists.  However  federal  funds  for  pharmaceutical 
applied  research  and  developmen:  have  been  fenced  in  to  "orphan  drugs" 
for  which  the  commercial  market  is  likely  to  be  small.  It  is  apparent 
that  there  exists  a strong  political  constituency  for  basic  research 
funding;  at  the  same  time  there  are  strong  political  constraints  against 
significant  federal  enc-oachment  into  the  proprietary  domains  staked 
out  by  the  pharmaceutical  companies.  Pharmaceuticals  also  is  an  industry 
marked  by  a complicated  regulatory  regire  which  significant!/  affects 
the  ccsts  of  RiC. 

The  automobile  industry,  and  residential  construction,  have  exceric’'ce 
neither  significant  feoeral  procurement,  nor  mucn  federal  RSD  support' 
for  eitner  basic  or  applied  work.  Regulatory  retires,  however,  have 
strongly  influenced  technological  advance  in  bot”-  sectors.  Both 
sectors  have  seer,  federal  attempts  to  launch  an  RSD  support  progra-. 
Political  support  for  these,  howe/er,  has  been  weak  and  where  programs 
have  been  initiated  they  have  not  been  sustained. 
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The  Analytic  Problem 

How  can  lessons  be  drawn  from  th**  '•’ch  experience  described  in 
the  case  studies,  and  from  other  stud  s'?  In  principle  we  want  to 
draw  up  a matrix.  The  rows  would  delineate  various  policy  instruments, 
the  columns  certain  industry  characteristics,  the  entries  should  measure 
the  feasibility  and  effectiveness  of  a policy  under  a particular  set  of 
industry  characteristics. 

The  task,  so  defined,  presently  is  impossible.  Simply  classifying 
the  policies  and  the  relevant  industry  characteristics  is  a challenging 
task;  tracing  cause  and  effect  relationships  is  extraordinarily  difficu* 

In  general  a wide  variety  of  policies  have  impinged  on  each  econoric 
sector  and  each  policy  has  been  comolex  and  changing  over  time.  In 
both  aviation  and  agriculture  government  funds  have  gone  into  support 
of  applied  R!iO,  but  the  programs  and  the  objectives  are  very  different 
in  these  two  cases.  Regulation  has  meant  different  things  in  automobiles 
and  in  pharamceuticals.  There  is  no  obvious  "list"  of  policy  instruments 
one  can  think  of  to  define  the  rows  of  tne  matrix.  Indeed  simply 
describing,  and  broadly  characterizing,  the  different  government  policies 
employed  is  a complicated  and  worthwhile  research  endeavor. 

What  are  the  industry  characteristics  which  determine  feasibility 
and  likely  effectiveness  of  different  policy  inst’'uments  (assuming 
theso  can  be  well  described)?  why  has  major  government  RSD  support 
proved  feasible  and  effective  in  aviation,  but  not  in  residential 
construction?  The  question  suggests  that  one  important  industry 
characteristic  is  the  presence  or  absence  of  a well  defined  procurement 
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interest.  Perhaps  so,  but  government  RiD  support  has  been  feasible  and 
effective  in  agriculture.  What  differentiates  agriculture  from  housing? 
Simply  identifying  the  key  industry  characteristics  that  seem  to  explain 
these  differences  is  a challening  analytic  task. 

Even  if  we  could  lay  out  the  rows  and  columns  in  an  objective  manner, 
cause  and  effect  relationships  are  not  easy  to  discern;  technological 
progress  in  an  industry  might  be  fast  or  slow  and  take  the  oarticular 
directions  that  it  did  for  any  of  a wide  variety  of  reasons.  Given  the 
current  state  of  knowledge  it  is  not  possible  to  estimate,  with  any 
precision,  what  effect  a policy  had.  To  what  extent  did  public  R&D 
money  simply  replace  private  R&D  monies  in  the  early  days  of  the  computer 
industry?  In  aviation?  Has  public  R&D  support  really  made  a difference 
lately  in  semi-conductors?  To  what  extent  has  regulation  deterred 
pharmaceutical  innovation?  These  are  very  difficult  questions. 

In  short  it  is  very  hard  to  tease  out  from  the  historical  record 
clear  cut  lessons  that  are  applicable  to  future  policy  decisions.  However 
I will  try.  Much  of  what  follows  obviously  will  be  judgmental.  In 
effect  I will  be  presenting  a set  of  hypotheses  about  what  kinds  of 
policies  are  feasible  and  effective  in  what  contexts.  While  I believe 
they  are  consistent  with  the  historical  record  as  revealed  in  the  case 
studies  presented  here,  and  with  other  evidence  I know  about,  like  any 
theory  which  fits  a fragment  of  evidence,  this  one  may  prove  quite  wrong 
in  a number  of  Piaces,  or  even  in  broad  scope. 

We  are  interested  ultimately  in  understanding  the  sources  of  variation. 
Different  policies  have  been  applied  in  different  industries.  jme  have 
been  smashing  successes,  others  without  effect  or  worse.  However  in 
order  to  sort  out  the  characteristics,  reasons  for,  and  effects  of 
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variation,  it  is  important  to  get  hold  of  the  common  elements.  There 
are  several  general  characteristics  of  technological  advance  that  are 
apparent  in  all  the  case  studies.  One  is  the  apparent  Inherent 
uncertainty  involved  in  technological  advance.  A second  is  the  centrcl, 
but  often  myopic  and  strongly  context  dependent,  role  of  producers  and 
consumers  in  the  generation,  and  screening  of  technological  advance. 

The  third  is  the  important  role  played  by  non-market  elements  (as  well 
as  market  ones)  in  the  institutional  structure  influencing  technological 
advance. 

All  0^  the  case  studies  reveal  that  technological  advance  involves 
considerable  uncertainty.  When  a person  or  organization  begins  the  quest 
for  a product  or  a process  of  a certain  kind  it  is  not  clear  exactly  what 
the  outcome  will  be.  Design  configurations  and  solutions  take  shape 
in  the  course  of  trying  to  achieve  these.  How  successful  the  quest  will 
be  is  revealed  only  after  the  fact.  The  uncertainties  take  on  a somewhat 
different  form  in  different  technologies.  Thus  Grabowski  and  Vernon 
describe  the  hunt  for  a new  pharmaceutical  as,  literally,  a search. 

Katz  and  Phillips  discuss  the  considerable  uncertainty  during  the  195Cs 
regirding  which  new  technology  was  going  to  replace  the  old  vacuum  tube 
in  coTouter  design.  Mowery  and  Rosenberg  point  out  that  in  the  design 
of  civil  aircraft,  theoretical  calculations  resolve  only  a small  portion 
of  the  uncertainties.  Some  of  the  semi-conductor  companies  placed 
their  bets  heavily  on  integrated  circuits,  others  hung  back. 

The  uncertainties  about  how  a technology  fruitfully  can  evolve  are 
com.pounded  by  uncertainties  about  what  future  technologies  will  be 
useful,  and  will  be  bought  at  a profitable  volume  and  price.  Just  as 
different  individuals  and  RJD  organizations  lay  their  bets  differently 
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about  which  technological  paths  are  the  most  promising,  so  they  tend 
to  differ  in  their  assessment  of  the  market.  A number  of  companies 
that  developed  strong  technological  capabilities  for  the  design  of 
computers  failed  to  anticipate  a large  business  market.  IBM  made  a 
bet  that  such  a market  existed,  at  the  same  time  that  it  acquired  the 
technological  capabilities  to  meet  it.  The  American  automobile  companies 
had  little  reason  to  believe  that  consumer  demand  would  swing  sharply 
towards  smaller  more  fuel  efficient  vehicles,  but  it  did. 

Thus,  while  the  details  differ  from  industry  to  industry,  in  none 
of  the  cases  does  R&D,  and  follow-on  technological  work,  appear  to  be 
activities  that  are  plannable  in  any  neat  and  tidy  sense.  The  uncertain- 
ties seem  to  be  innate.  From  a social  point  of  view,  effective  pursuit 
of  technological  advance  scorns  to  call  for  exploration  of  a wide  variety 
of  alternatives  and  the  selective  screening  of  these  after  their  charac- 
teristics have  been  better  revealed--a  process  that  seems  wasteful  with 
the  wonderful  vision  of  hindsight.  As  the  supersonic  transport  case 
indicates  however,  hindsight  may  be  much  clearer  than  foresight. 

All  of  the  case  studies  also  reveal  the  central  role  of  the  producer- 
provider  (usually  private  enterprise)  or  the  demander-user  (who  ray  be 
private  or  public)  in  the  generating  and  screening  of  technological 
advances.  The  producer,  and  the  user,  have  certain  informational  and 
motivational  advantages  over  other  parties . Producers  live  with  the 
prevailing  process  and  product  technology,  and  know  things  about  it, 
its  strengths,  its  weaknesses,  certain  potentialities  for  change,  that 
people  and  organizations  without  that  experience  cannot  know.  Users 
have  similar  special  knowledge  about  the  products  and  services  they  employ. 
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It  Is  natural,  and  essential,  that  this  special  knowledge,  and  Immediate 
motivation  for  improvement,  play  a central  role  In  Inducing  and  guiding 
the  Innovation  process.  Moreover,  In  a market  setting  it  is  users  who 
ultimately  will  determine  whether  a product  will  be  deranded,  and 
producers  whether  it  will  be  produced  and  now. 

This  said,  it  should  be  recognized  that  that  vision  may  be  narrow, 
and  that  motivation  is  very  context-dependent.  Both  the  computer  and 
semi-conductor  case  studies  reveal  companies  reluctant  to  move  away  from 
technologies  with  which  they  were  familiar  to  try  radically  different  ones 
In  the  semi-conductor  case  it  is  interesting  tnat  new  companies  and  not 
the  old  tube  producers  were  the  key  innovators.  Similarly,  user-consumers 
like  producers,  fall  into  comfortable  habits.  Had  IBM  waited  for 
potential  users  of  business  computers  to  articulate  a clear-cut  oerand 
for  them  before  deciding  that  a market  likely  existed,  the  advent  of 
the  computer  age  would  have  been  significantly  delayed. 

The  motivation  of  producer  and  user  is  strongly  influenced  by  the 
details  of  the  techrslogies  involved,  and  by  the  particular  instit JtiC'’al 
and  legal  setting.  There  is  little  gam  for  a for-profit  seed  verdo-  tc 
develop  better  sel f-prepagatmg  seeds.  It  does  pay  tne  seed  vendor  to 
develop  better  hybrid  seeds  since  the  farmer,  each  year,  has  to  go 
bacic  to  the  source;  he  cannot  create  next  years  seeds  from  this  years 
plants.  It  was  a delicate,  and  not  inevitable,  legal  decision  that 
ruled  that  antibiotics,  although  natural  substances,  were  patentable. 

While  patents  don't  carry  much  force  m the  semi -conductor  industry, 
and  innovations  are  quickly  imitated,  the  advantages  a head-start 
are  still  significant  enough  that  firms  have  motive  to  innovate.  Govern- 
ment regulation,  much  more  than  expressed  consumer  demand,  has  pulled 
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innovation  towards  safer  and  less  environmentally  harmful  automobile 
designs.  CAB  regulation  in  the  form  of  constraints  on  air  fares,  tilted 
airline  competition  toward  providing  more  attractive  service,  and  stimulated 
the  market  for  faster  and  more  comfortable  planes.  It  was  a governmental 
market,  not  a private  market,  that  made  it  profitable  for  Texas  Instruments 
and  IBM  to  invest  in  semi-conductor  and  computer  RiD.  Fluctuations  in 
the  demand  for  housing,  and  building  codes,  significantly  dampen  incentives 
for  innovation  in  building  construction. 

In  sum,  while  producers  and  consumers  play  central  roles  in  the 
innovation  process,  and  they  should,  their  informational  advantages 
may  be  associated  with  myopia.  Their  motivations  are  strongly  influenced 
by  special  technological  circumstances  and  the  particular  legal  and 
institutional  setting,  and  by  public  as  well  as  private  demands. 

More  generally,  it  is  important  to  recognize  that  technological  change 
involves  non-market,  as  well  as  market,  elements.  In  all  of  the  industry 
studies  presented  in  this  volume,  there  was  a public  interest  expressed 
through  public  policies  in  certain  aspects  of  performance  of  the  industries. 
There  were  elements  of  cooperation  as  well  as  competition  in  research  and 
development. 

In  aviation,  computers,  and  in  semi-conductors  there  was,  for  obvious 
reasons,  a public  interest  in  how  the  technologies  and  the  industries 
evolved  which  transcended  the  interest  of  particular  private  purchasers 
or  producers  of  the  products.  In  these  cases  the  public  interest  was 
manifested  in  a governmental  demand  for  goods  and  services  of  a quite 
specialized  variety,  and  in  policies  associated  with  procurement. 

In  the  other  four  industries  studied,  there  was  no  such  important 
procurement  interest.  However,  a public  interest  in  certain  aspects  of 
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Industry  performance  shows  up  In  other  policies.  In  the  case  of 
pharmaceuticals,  automobiles,  housing  and  agriculture  (as  well  as  aircraft) 

4 public  interest  in  safety,  environmental  protection,  and  in  insuring 
certain  standards  more  generally  was  made  manifest  in  regulations. 

Several  of  these  industries  also  are  marked  by  various  forms  of 
subsidy  to  producers  or  consumers.  Citizens  and  scholars  may  divide 
on  the  merits  and  dements  they  assign  to  these  regulations  and  subsidies. 
But  the  fact  is  that  public  policies  to  constrain  or  supplement  market 
mechanisms  pervade  the  American  economy.  And  their  workings  significantly 
influence  the  environment  for  industrial  innovation. 

Further,  the  RSP  systems  of  most  industries  involve  both  competitive 
and  cooperative  elements,  the  latter  often  university  based.  In  all  of 
the  industries  surveyed,  fo'*-profit  firms  creating  and  taking  a prcpnetaiy 
interest  in  certain  technologies  are  a large  part  of  the  story.  But  in 
all  of  the  industries  one  can  observe,  as  well,  a system  of  R&D  cooperatior. 
and  exchange  of  technological  information.  In  some  cases  government  policy 
has  played  a large  role  in  building  and  supporting  this  cooperative  syster.. 
in  othi'i  cases,  a smaller  role. 

With  these  common  elements  laid  out,  we  can  explore  the  differences 
in  policies,  in  industry  characteristics,  and  in  the  apparent  viability 
and  effectiveness  of  policies,  revealed  by  our  case  studies.  (In  what 
follows  I also  will  draw,  whet c appropriate,  on  other  studies.)  As 
stated  at  the  outset,  1 cannot  directly  lay  out  a matrix.  There  are 
several  alternative  paths  to  follow,  I could  try  to  assess  what 
industries  in  a sense  are  success  stories  and  discuss  the  policies 
and  structures  associated  with  these,  and  then  go  on  to  discuss  the 
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failures.  I could  divide  the  industries  by  some  kind  of  structural 
characteristics.  It  has  provc-d  more  straight  forward  to  try  to 
classify  policies  (instruments)  and  proceed  to  consider  where  they 
were  and  were  not  employed  and  why,  and  their  efficacy  in  different 
contexts. 

A Road  Mao 


One  rough  division  among  instruments  places  those  that  involve 
direct  government  funding  of  RiD  in  one  category,  and  those  that 
indirectly  influence  RJO  or  other  activities  involved  in  industrial 
innovation  in  another.  While  this  division  is  plausible  on  its  face, 
notice  that  the  lines  between  the  categories  are  blurred  not  sharp. 

How  does  one  treat,  for  example,  procurement  contracts  which  cover 
the  cost  of  R.IC  incurred  earlier  b>  a company,  who  anticipated  the 
subsequent  contract?  How  does  one  treat  special  tax  credits  for  RJO? 
These  problems  notwithstanding,  I shall  harard  such  a break. 

In  Section  2 1 deal  with  government  support  of  RJD.  Here  my 
objective  will  be  to  categorize  meaningfully  the  different  kinds  of 
government  RJD  support  programs  revealed  in  our  case  studies,  to 
analyze  the  reasons  for  the  significant  differences  in  such  policies 
across  industries,  and  to  make  judgments  as  to  what  kinds  of  programs 
worked  and  which  ones  didn't.  I distinguish  among  four  kinds  of 
government  RJD  support  programs;  those  associated  with  public  procurement 
or  other  well  defined  public  objectives,  those  that  involve  an  extension 
of  suoport  of  scientific  basic  research  to  support  of  research  to  advance 
generic  technological  knowledge,  programs  that  are  aimed  to 
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nset  reasonably  well  defined  clientel  demands,  and  picking  or  supporting 
"winners"  in  comercial  competition. 

In  Section  3 I consider  a wide  range  of  government  policies  that 
do  not  involve  direct  RSD  support  --  regulation  both  old  style  and  new, 
antitrust,  policy  regardinq  patents  --  to  name  the  central  ones.  But 
sfmply  listing  these  as  instruments  covers  up  some  fundamental  problems. 
Regulation,  for  example,  has  meant  fundamentally  different  things  in 
different  industries;  the  thrust  of  antitrust  policies  also  have  been 
different,  etc.  Relatedly  and  equally  important,  the  central  purpose 
of  these  policies  often  has  little  to  do  with  spurring  or  guiding 
industrial  innovation.  There  are  serious  questions  as  to  whether  they 
should  be  regarded  as  promising  instruments  for  that  purpose. 
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II.  Government  Support  of  Research  and  Development 

The  case  studies  reveal  significant  differences  among  the 
Industries  in  the  extent  and  kind  of  federal  R and  D support.  The 
government  has  been  an  important  source  of  both  applied  and  basic 
research  funding  in  the  evolution  of  aviation,  computer,  and  semi- 
conductor technologies.  The  government  also  has  productively 
supported  both  applied  and  basic  research  in  agriculture.  While  the 
government  has  been  an  important  supporter  of  basic  research  relevant 
to  pharmaceuticals,  public  funding  of  applied  research  and  development 
has  been  mostly  constrained  to  "orphan  drugs".  The  government  never 
has  been  able  to  mount  a sustained  R and  D program  relevant  to  the 
housing  and  automobile  industries. 

It  is  not  easy  to  measure  the  efficacy  of  the  various  government 
R and  D support  programs.  In  the  three  defense  industries  they 
certainly  have  bought  us  technological  primacy.  Critics  have  argued 
both  that  much  of  the  bought  technology  has  not  been  necessary  for 
national  security  but  rather  has  inflamed  the  arms  race,  and  tt’at 
many  of  the  R and  D programs  have  been  inordinately  expensive  and 
wasteful.  It  sfiould  be  noted  that  contributions  to  the  advance  of 
civilian  technology  made  by  defense  and  space  programs , w hi le  tne 
focus  of  our  case  studies  has  been  a "spill  over"  and  certainly  not 
the  principal  intent  of  these  programs.  The  advance  of  civilian 
technology  was  the  central  purpose  of  the  government  R and  D support 
programs  in  agriculture,  and  of  basic  bio-medical  research.  The  rate 
of  return  on  the  public  investment  in  R and  0 for  agriculture  undoubtedly 


14 


has  been  very  high.  Quantitative  estimates  are  more  difficult  with 
respect  to  the  returns  from  support  of  bio-medical  research;  however 
this  too  generally  is  regarded  as  a very  successful  research  program. 
The  case  studies  also  reveal  too  expensive  fiascos  - the  supersonic 
transport  project,  and  project  breakthrough  for  the  housing  industry. 

How  can  one  make  intellectual  order  out  of  this  varied  experience’ 
I propose  it  is  important  to  distinguish  among  the  following  categories 
of  government  R and  D support  programs.  First,  R and  D support  aimed 
to  achieve  a well  defined  government  purpose  - as  the  procurement  of 
a new  weapon  system  or  the  solution  to  the  automobile  emissions 
problem.  Second,  support  of  basic  or  generic  research  relevant  to 
a particular  technology  or  technologies  and  not  pointed  toward 
achieving  any  particular  product  or  process  - as  research  on  the 
nutritional  needs  of  wheat,  or  the  properties  of  certain  exotic 
materials  Third,  support  of  applied  research  and  development  on 
products  and  processes  that  serve  civilian,  not  governmental  purposes, 
and  whose  acceptance  depends  in  large  part  on  market  calculations 
made  by  non-governmental  actors.  This  latter  category  ought  to  be 
further  divided,  I think,  into  programs  where  the  potential  users 
have  a considerable  influence  on  allocation,  and  programs  where  a 
government  agency  has  relatively  free  handed  control  over  the 
setting  of  goals  and  priorities.  Different  kinds  of  programs 
obviously  differ  in  the  range  of  industries  where  they  are  politically 
feasible,  and  the  kinds  of  circumstances  where  they  are  likely  to  be 


effective. 
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R and  D Support  Associated  with  Procurement  Needs  or  Other  well 
Defined  Purposes 

In  three  of  our  case  studies  - aviation,  computers,  and  semi- 
conductors - there  was  a strong  and  recognized  governmental  demand 

I 

for  the  products  produced  by  the  industry  in  question  which  led  to  a 
particular  and  focused  public  interest  in  certain  kinds  of  technological 
advances.  I maintain  that  a recognized  public  sector  demand  for 
certain  types  of  technological  improvement  lends  two  important 
features  to  the  policy  context.  First,  it  means  that  the  government 
(or  the  relevant  government  agent)  is  in  a position  to  define 
technological  targets  according  to  its  own  criteria,  and  that  it  has 
(or  at  least  has  the  motivation  to  have)  some  expertise  about  the 
technologies  in  question.  Second,  the  recognized  governmental  need 
lends  legitimacy  to  government  attempts  to  stimulate  and  guide  the 
evolution  of  the  relevant  technologies. 

One  should  note  that  public  procurement  does  not  inevitably  lead 
to  active  public  sector  effort  to  mold  or  stimulate  technological 
advance.  The  federal  government  procures  typewriters,  office 
calculators,  automobiles,  and  a wide  variety  of  products  that  are 
identical  or  virtually  so  with  those  purchased  by  non-governmental 
users.  In  these  cases  the  federal  government  usually  has  chosen 
simply  to  act  as  an  informed  shopper.  Even  in  cases  where  government 

I demands  are  somewhat  special,  the  government  has  not  always  stepped 
in  with  a special  procurement  contract  for  the  creation  of  a product 
tailored  to  its  use  or,  even,  strongly  advertised  its  soecial  interest, 
with  the  im.plicit  promise  of  procurement.  In  the  three  industries  *n 
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question,  however,  the  relevant  government  agencies  deliberately 
tried  to  induce  the  development  of  products  that  were  suited  for 
their  purposes.  The  vehicles  employed  included  procurement  contracts 
written  so  as  to  cover  the  R and  D costs  of  the  particular  design 
(a  disguised  form  of  R and  D support),  direct  R and  0 support 
associated  with  a procurement  contract,  and  support  of  basic  and 
generic  research. 

If  public  sector  needs  and  private  sector  needs  differ  sharply, 
the  procurement  and  applied  research  and  development  funding  parts 
of  such  policies  would  not  facilitate  the  evolution  of  technology 
for  the  private  sector.  At  least  these  three  cases  suggest,  however, 
that  governmental  efforts  to  advance  technology  for  public  sector 
purposes  can  also  enhance  technological  capabilities  to  meet 
private  needs.  In  the  early  days  of  these  technologies  R and  D 
aimed  for  a governmental  purpose  almost  always  had  some  commercial 
spill  over.  It  might  be  noted  that  as  these  technologies  matured 
the  governmental  (military)  market  and  the  civilian  market  began  to 
separate,  with  the  civilian  market  becoming  increasingly  important 
to  certain  companies.  Government  financed  applied  research  and 
development  associated  with  public  procurement,  and  R and  D 
financed  by  the  companies  themselves  and  aimed  for  products  in 
the  civilian  market,  became  dissimilar.  At  the  present  tine  the 
principal  impact  of  the  government  on  the  evolution  of  civilian 
technology  in  these  industries  would  appear  to  be  through  public 
support  of  basic  and  generic  research.  This  fall  off  in  "spill 
over"  has  led  to  proposals  that  the  government  consciously  fund 
orojects  that  have  likely  civilian  benefits.  The  supersonic 
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transport  ought  to  warn  against  this  strategy,  and  I will  present 
some  general  arguments  against  it  later  in  this  section. 

The  lesson  I draw  from  these  cases  is  not  basically  about 
the  efficacy  of  spill  over.  It  is  that  the  government  has  the 
capability  to  intelligently  fund  applied  research  and  development, 
as  well  as  basic  and  generic  research,  where  there  is  a well 
defined  public  interest  in  certain  kinds  of  technological  advances. 

I propose  that  the  orphan  drugs  are  another  case  in  point. 

Here,  as  with  the  examples  of  defense  procurement,  a government 
agency  stands  ready  to  see  that  the  fruits  of  R and  D are  employed. 
There  is  a recognized  public  commitment  to  try  to  cure  or  relieve 
people  with  grave  diseases.  If  necessary,  public  monies  will  go 
into  the  procurement  of  whatever  it  takes  to  do  this.  The  orphan 
drugs  are  not,  as  it  were,  in  the  position  of  having  to  make  it  on  a 
conventional  commercial  market.  As  with  the  case  of  the  decision 
by  the  Department  of  Defense  to  procure  a new  fighter  (or  as  with 
the  space  program)  one  can  argue  about  how  much  tax  money  ought 
to  go  into  the  pursuit  of  the  objective,  and  about  whether  the 
program  is  being  conducted  efficiently.  But  there  is  no  question 
about  the  political  legitimacy  of  the  program,  or  about  the  potential 
ability  of  government  decision  makers  to  marshal  the  information 
needed  to  make  sensible  R and  D decisions. 

The  case  of  pollution  abatement,  I propose,  is  similar  in 
context  if  not  in  policy.  Since  the  middle  1960's  there  has  been 
a well  recognized  public  interest  attached  to  the  development  of 
technologies  that  are  less  polluting  than  those  currently  being 
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employed.  Some  public  monies  have  gone  Into  R and  D on  pollution 
abatement.  The  clean  air  act  of  1970  marked  a conmitment,  howe/er, 
to  a strategy  for  achieving  the  objective,  which  minimized  the 
government's  direct  role  in  funding  R and  D.  Rather  the  strategy 
was  to  induce  private  funding  of  R and  D through  the  imposition 

* of  regulatory  requirements  which  could  only  be  met  by  the  development 
of  new  technologies.  White  and  other  scholars  have  argued  that 
this  has  proved  an  inefficient  and  costly  way  of  drawing  forth 
the  new  technologies.  Given  a recognized  public  commitment  to 
their  achievement,  the  government  certainly  was  in  a position  to 
fund  R and  D on  its  own,  and  to  organize  to  gain  the  information 
needed  to  make  sensible  R and  D allocation  decisions. 

The  examples  that  come  from  our  case  studies  suggest  two 
things.  First,  there  are  a wide  range  of  technologies  associated 
with  public  procurement,  or  public  subsidy  of  certain  kinds  of 
private  purchases,  or  regulation,  where  there  are  recognized  public 
objectives  in  certain  kinds  of  advances.  Second,  regarding  these 
the  government  has  taken  a wide  variety  of  strategies  on  the  extent 
and  kind  of  R and  D it  will  support.  At  one  extreme  the  government 
has  financed  the  bulk  of  the  relevant  R and  D,  and  at  the  other 
it  passively  has  stood  as  a consumer.  While  assessment  of  this 
claim  depends  on  a case  by  case  evaluation,  I would  argue  that  in 
many  cases  the  government  has  beer,  too  passive,  that  the  returns 
to  public  funding  of  R and  D on  public  needs  would  be  very  high, 

I 

and  that  indirect  means  to  "pull"  technology  (as  through  regulation) 
often  are  more  costly  and  less  efficient  than  direct  R and  D support. 
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Note  that  my  argument  here  is  not  that  government  support  of  such 
R and  D would  have  significant  "spill  over"  benefits.  It  is  simply 
that  there  are  a large  number  of  technologies  where  there  is  an 
identifiable  public  interest  in  certain  kinds  of  advances,  and  in 
many  of  these  cases  federal  R and  D funds  could  be  spent  to  yield  a 
^high  social  rate  o^  return. 

The  efficacy  of  such  programs  depends,  however,  on  the  ability 
of  the  relevant  government  agencies  to  gather  the  appropriate 
information  and  make  sensible  R and  D allocation  decisions.  To  do 
so  will  require  strong  participation  by  users.  R and  D support 

programs  have  to  be  designed  to  achieve  this  participation.  It  is  my 
conjecture  that  the  development  of  better  technologies  for  the  provision 
of  public  services,  as  for  mass  transport,  garbage  collection,  repairing 
city  streets,  etc.,  potentially  can  yield  a very  high  rate  of  return  on 
the  public  R and  D dollar.  However,  unlike  the  Department  of  Defense, 
when  the  Department  of  Transportation  or  the  Department  of  Housing 
and  Urban  Development  make  R and  D allocation  decisions  they  are  not 
usually  making  them  regarding  items  that  they  them.selves  will  procure. 
The  principal  users  will  be  state  and  local  governments.  Similarly, 
public  financing  of  the  R and  D required  by  environmental  and  safety 
goals  may  yield  high  social  returns,  and  avoid  the  high  private  costs 
and  tangled  relations  that  come  from  the  current  regulatory  strategies. 
However,  the  new  technologies  will  ultimately  be  employed  by  private 
firms,  not  federal  agencies.  The  institutional  machinery  needed  to 
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spend  such  public  R and  D monies  efficiently  will  have  to  be  different 
than  that  of  the  Department  of  Defense  or  NASA.  Perhaps  the  pluralistic 
decentralized  structure  of  -he  government's  agricultural  R and  D support 
programs  would  provide  a better  model. 
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Support  of  Basic  and  Generic  Researcn 


Absent  a recognized  public  interest  in  the  evolution  of  a 
part:cular  technology,  certain  constraints  appear  on  the  government's 
ability  to  fund  R and  D.  In  the  first  place  a government  agency  has 
' no  particular  claim  to  be  able  to  determine  R and  D priorities, 
and  may  be  blocked  from  access  to  the  information  necessary  to  do 
so.  Second,  the  legitimacy  of  publicly  financed  R and  D programs, 
which  may  upset  the  status  quo  within  an  industry,  may  be  questioned 
and  such  programs  politically  blocked.  These  constraints  are 
particularly  binding  with  respect  to  applied  R and  D aiming  to 
achieve  particular  new  products  and  processes.  They  appear  to 
be  much  less  confining  for  public  supoort  of  basic  and  generic 
research  a step  or  two  away  from  specific  application. 

Ou’-  case  studies  show  the  government  actively  involved  in 
support  of  such  research  not  only  in  the  three  industries  where 
there  was  a strong  procurement  interest  - aviation,  compute-'S, 
and  sem -conductors  - but  also  in  agriculture  ana  the  scientific 
fields  relating  to  pharmaceutical  developments  as  well.  Tie 
aborted  Cooperative  Automotive  Research  Program  represericed  an 
attempt  to  extend  this  tyae  o'f  public  program  to  the  automobile 
■noustry 

To  understand  the  nature  and  importance  of  these  public  prog-'ams, 
it  IS  important  to  recognize  that  technological  knowledge  inevitably 
involves  a public  as  well  as  a proprietary  component.  The  public 
part  of  technological  knowledge  generally  does  not  relate  to 
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the  design  or  operational  details  of  a particular  product  or 
process,  but  to  broad  design  concepts,  general  working  characteristics 
of  processes,  properties  of  materials  that  are  used,  testing 
techniques,  etc.  Most  of  such  knowledge  is  not  patentable.  Much 
of  it  is  openly  shared  among  scientists  and  engineers  working  in 
the  field,  whether  they  are  located  at  universities,  government 
laboratories,  or  corporate  laboratories. 

The  kind  of  research  which  leads  to  such  knowledge  is  not 
generally  the  sort  that  an  academic  scholar,  pu»*suing  fashionable 
questions  in  a standard  scientific  field,  would  explore.  Rather 
the  research  questions  are  posed  by  technological  problems  and 
opportunities,  and  the  objective  is  to  enhance  that  understanding 
and  the  capability  to  solve  practical  problems.  In  some  industries, 
progressive  private  companies  themselves  support  sore  of  this  type 
of  research.  While  some  secrecy  is  involved,  it  is  recognized  that 
the  findings  from  this  type  of  research  ought  to  f'ow  into  the 
public  domain.  Such  a research  system  fits  in  between  more  fundamental 
research  defined  by  the  traditional  sciences,  and  the  applied  research 
and  development  of  the  firms  in  the  industry.  To  be  effective,  the 
system  has  to  make  good  contact  with  both  sides,  but  avoid  too  much 
overlap  and  duplication. 

In  the  judgement  of  Evenson -and  other  scholars,  the  agricultural 
'ciences  have  in  general  managed  to  define  their  niche  appropriately. 
The  research  they  do  lies  in  between  on  one  side  the  basic  academic 
sciences  like  chemistry  and  biology  and  on  the  other  the  research 
that  goes  on  in  public  experimentation  stations  and  private  companies 


23 


to  develop  better  seeds  or  fertilizers,  etc.  Both  sides  influence 
the  kind  of  research  that  is  done,  and  monitor  quality  and  efficacy. 

The  bio-medical  research  cormunity  is  a similar  system.  It  too  is 
pulled  from  one  side  by  the  interests  of  practitioners  (physicians) 
and  private  companies  in  having  practical  problems  illuninated, 

I and  from  the  other  side  disciplined  by  scientists  in  the  more  basic 
sciences.  It  is  interesting  that  both  the  agricultural  sciences, 
and  the  bio-medical  sciences,  tend  to  find  their  home  in  universities, 
but  in  professional  schools  rather  than  in  colleges  of  arts  and  sciences. 

The  government  provides  the  bulk  of  support  for  these  two  research 
compiunuies.  The  allocation  of  research  resources,  however,  is  guided 
only  loosely  by  government  agencies.  The  Department  of  Agriculture 
and  the  state  legislatures  and  the  National  Institutes  of  Health, 
the  principal  support  agencies,  leave  the  details  of  allocation  to 
machinery  operated  by  the  research  communities  themselves.  However, 
in  political  deliberations  about  the  level  of  funding  and  broad 
research  strategies,  the  focus  is  very  much  on  the  practical  benefits 
that  have  flowed  from  the  programs  and  the  practical  problems  that 
future  research  promises  to  resolve. 

Mowery  and  Rosenberg  remark  that  the  old  NACA  did  not  sponsor  much 
in  the  way  of  basic  research.  In  the  pulling  and  tugging  on  the  ore 
hand  to  be  applied  and  relevant  and  on  the  other  to  be  rigorous  and 
scientific,  during  the  20's  and  30's  the  first  kind  of  pull  clearly 
was  significantly  stronger  than  the  second.  This  well  may  reflect  that 

I 

NACA,  unlike  the  agricultural  experimentation  stations  and  the  medical 
schools,  was  a free  standing  organizational  entity,  not  affiliated  with 
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a university  or  universities.  Nonetheless,  NACA  undertook 
nany  experiments  and  studies  that  were  relevant  to  aviation  technology 
in  general,  rather  than  concentrating  on  particular  aircraft  designs 
that  were  being  contemplated  or  were  on  the  drawing  board.  In  that 
sense,  NACA  certainly  did  support  generic  research  and.  as  history 
testifies,  to  strong  positive  effect.  The  role  of  NACA  diminished 
after  World  War  II.  In  the  post  war  era  the  armed  services  increasingly 
funded  their  principal  contractors  to  do  the  kind  of  research  that  NACA 
used  to  do. 

No  sharply  separate  generic  research  programs  mark  the  computer 
and  semi-conductor  industries.  While  sometimes  special  government 
agencies  were  involved  (for  example  ARPA)  as  with  aviation  after 
World  War  II,  government  funds  for  generic  research  for  these  technologies 
have  flowed  to  companies  and  to  the  universities.  But  this  research 
support  has  been  very  important.  Funds  continue  to  be  significant. 

The  aborted  experience  with  CARP  suggests  that  government  progra.-s 
in  support  of  basic  and  generic  research  are  politically  acceptable 
in  virtually  any  industry.  Companies  do  not  perceive  such  programs  as 
posing  sharp  threats  to  their  conmercial  positions,  or  the  threats 
if  perceived  are  seen  as  diffuse  and  not  readily  identifiable  as 
dangerous  to  any  particular  portion  of  the  industry  Since  proprietary 
knowledge  is  not  needed  to  guide  allocation,  mechanisms  can  be 
established  to  allocate  resources  sensibly. 

The  key  question  is  the  efficacy  of  such  programs.  In  the  industry 
studies  in  this  volume  the  verdict  is  positive.  Where  private  companies 
support  little  generic  research,  the  case  for  public  support  seems 
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Specially  strong.  Where  private  companies  support  such  research, 
the  case  for  public  funding  is  diminished,  but  certainly  not  eliminated. 
Thus  in  the  computer  industry  and  in  semi-conductors,  where  the  companies 
themselves  do  engage  in  significant  funding  of  generic  research,  there 
is  advocacy  not  opposition  for  government  funding  of  research  at 
universities.  While  there  is  a risk  that  public  funds  in  such  cases 
largely  replace  private  funds  rather  than  adding  to  them,  I don't  think 
the  case  is  persuasive. 

In  short,  CARP,  and  COGENT  appear  to  me  to  be  programs  that  were 
on  the  right  track.  When  the  nation  returns  again  to  serious 
contemolation  of  public  programs  to  spur  industrial  innovation. 

Support  of  generic  research  would  appear  one  of  the  more  promising 
of  the  possible  instruments. 
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Support  of  Clientele  Oriented  Applied  Research 

Public  support  of  basic  and  generic  research  does  not  require 
program  officers  to  form  judgements  about  what  particular  technological 
developments  would  be  most  valuable.  Rather  the  objective  Is  to  enhance 
understanding  of  relatively  basic  principles,  to  explore  certain 
potentially  widely  applicable  technological  routes,  etc.  Because 
this  Is  the  kind  of  research  that  is  being  funded,  there  seldom 
is  an  Immediate  perceived  threat  to  the  proprietary  interests  of 
particular  groups  of  firms.  In  contrast  government  programs  of  support 
of  applied  research  and  development  for  an  Industry  whose  products 
are  evaluated  largely  on  commercial  markets  both  requires  a mechanism 
to  make  commerical  judgements  and  may  provide  some  significant 
perceived  threats  to  certain  firms. 

The  case  of  public  support  of  applied  research  and  development 
for  agriculture  Indicates  that,  even  with  these  constraints,  a feasible 
government  program  may  be  effective.  It  Is  interesting  to  consider 
which  aspects  of  the  industry,  and  the  program,  have  permitted  an 
effective  program. 

In  the  first  place,  farming  is  an  atomistic  industry,  and  farmers 
are  not  in  rivalrous  competition  with  each  other.  Differential  access 
to  certain  kinds  of  technological  knowledge,  or  property  rights  in 
certain  technologies,  are  not  important  to  individual  farmers.  This 
fact  at  once  means  that  farmers  have  little  incentive  to  engage  in 
• R and  D on  their  own  behalf,  and  opens  the  possibility  that  the 
farming  community  itself  would  provide  a political  constituency  for 
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public  support  of  R and  D. 

The  Federal/State  agricultural  experimentation  system 
established  under  Hatch  and  subsequent  acts,  marshalled  that  support 
and  put  the  farmers  In  a position  of  evaluating  and  Influencing  the 
applied  R and  D that  was  done  under  public  funding.  The  system  Is 
highly  decentralized.  The  regional  nature  of  agricultural  technology 
means  that  farmers  In  Individual  states  see  It  to  their  advantage 
that  their  particular  technologies  be  advanced  as  rapidly  as  possible. 
Where  private  companies  are  funding  significant  amounts  of  Innovative 
work  and  the  industry  is  reasonably  competitive,  It  Is  In  the  interest 
of  the  farmers,  as  well  as  the  companies,  that  public  R and  D money 
be  allocated  to  other  things.  As  Evenson  describes  it,  a reasonably 
well  defined  division  of  labor  between  publicly  funded  applied  research, 
and  privately  funded  has  emerged. 

Evenson  and  other  historians  of  technical  change  In  agriculture 
have  argued  that  the  applied  research  and  development  efforts  of  the 
experimentation  station  did  rot  yield  particularly  high  rates  of  return 
until  a body  of  more  scientific  and  technological  understanding  was 
developed.  It  was  this  combination  of  an  evolving  set  of  agricultural 
sciences  based  in  the  universities  and  supported  publicly,  and  applied 
research  and  development  also  publicly  funded  but  monitored  politically 
by  the  farming  conmunity,  that  has  made  public  support  of  agricultural 
technology  as  successful  as  it  has  been. 

Can  the  experience  in  agriculture  be  duplicated  elsewhere?  It 
Is  apparent  that  many  people  have  seen  housing  and  agriculture  as  quite 
similar.  Henry  Wallace,  who  earlier  served  as  Roosevelt’s  Secretary 
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of  Agriculture,  clearly  drew  the  analogy  when  after  the  war  he  tried 
(and  failed)  as  Secretary  of  Comnerce  to  initiate  a major  program 
of  federal  funding  of  building  research.  The  efforts  to  revive  that 
idea,  under  the  Kennedy  administration,  also  were  explicitly  based 
on  the  agricultural  analogy.  The  analogy  also  was  drawn  in  Project 
Breakthrough.  It  is  obvious  that  there  are  important  differences. 

In  the  first  place,  while  the  building  industry  is  atomistic, 
construction  markets  are  local  and  therefore  builders  are,  to  some 
extent,  in  rivalrous  competition  with  one  another.  However,  since 
individual  builders  possess  little  in  the  way  of  proprietary  knowledge, 
this  was  not  a particularly  important  obstacle.  What  was  more  important 
was  that  suppliers  of  inputs  and  equipment  to  builders  p*-oduce  different, 
and  rivalrous,  products.  Direct  government  support  of  applied  research 
and  development  was  viewed  by  many  of  them  as  potentially  threatening. 

Had  the  builders  of  houses  formed  a strong  constituency  for  government 
support  of  R and  D,  these  resistances  of  input  suppliers  might  have 
been  overcome.  However,  no  such  constituency  developed.  Unlike  the 
case  in  agriculture  where  farmers  saw  it  to  their  competitive  advantage 
(as  a group)  to  have  their  technologies  advanced  relative  to  the 
technologies  employed  by  farmers  in  other  regions,  builders  apparently 
saw  no  such  advantages  for  them. 

Nor  did  there  exist  in  housing,  as  there  came  to  exist  agriculture, 
a scienffic  community  who  could  point  persuasively  to  promising  areas 
for  applied  research  and  development.  Residential  construction  lacks 
a broad  scientific  base  from  which  to  mount  applied  research  and 
development  endeavor. 
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Thus  agriculture  had  both  a constituency  Interested  in  getting 
applied  research  and  development  relevant  to  their  needs  undertaken, 
and  ultimately  at  least  a sound  scientific  basis  underneath  its 
technologies.  Residential  construction  has  neither.  My  conjecture 
is  that  programs  in  support  of  residential  construction  technology 
will  not  be  politically  feasible  until  the  clientele  is  established 
to  support  and  guard  them,  and  will  not  be  effective  in  the  absence 
of  some  sort  of  underlying  scientific  base. 

It  probably  is  the  case,  therefore,  that  the  agricultural  model 
of  public  support  of  applied  R and  D is  not  readily  extendable  to 
many  other  industries.  There  may  be  a few,  however,  to  which  such 
a program  is  applicable.  Again,  the  key  ingredients  would  appear  to 
be  a group  of  users  of  a technology  who  are  not  in  nvalrous  competition 
with  each  other  but  who,  together,  have  a significant  interest  in 
getting  their  technologies  advanced,  and  a strong  enough  scientific 
base  so  that  applied  research  and  development  can  be  fruitful.  It 
might  be  noted  that  these  are  the  conditions  under  which  one  might 
think  of  establishing  indust’”y  "cooperative"  research  and  deve1ocrre’'t 
laboratories.  Indeed,  the  agricultural  experimentation  stations  mc^t 
be  regarded  as  just  that,  except  for  one  important  difference.  Much 
of  the  policy  discussions  about  cooperative  research  and  development 
has  presumed  that  public  funds  should  account  for  only  a small  portion 
of  total  R and  D monies,  and  that  the  industry  should  contribute  the 
bulk  of  the  funds  save  for,  perhaps,  the  first  few  years  of  the  program. 
Under  such  terms  it  has  proved  hard  to  get  much  cooperative  R and  0 
underway  and  substained.  The  agricultural  case  suggests  that  the 
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requirement  for  industry  financing  may  be  a mistake.  In  industries, 
like  agriculture,  where  such  programs  are  plausible,  prices  tend  to 
follow  costs.  The  returns  to  successful  R and  D go  largely  to 
consumers,  not  to  producers.  The  difficulty  with  extending  the 
agricultural  model  is  not  that  the  public  at  large  would  not  benefit, 
I but  that  the  conditions  under  which  this  model  is  applicable  would 
appear  to  be  rather  special. 
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Goverment  Guided  Applied  R and  D With  Conint.rc1a1  Ends 


In  project  Breakthrough,  and  the  Supersonic  Transport  Project,  the 
Government  got  itself  into  the  business  of  trying  to  Identify  or  develop 
products  that  would  sell  well  on  complex  comnerclal  markets.  In 
Project  Breakthrough  the  Department  of  Housing  and  Urban  Development 

I 

was  not  Itself  a major  builder  of  houses,  or  a procurer  of  non- 
subsidized  housing.  It  thus  did  not  have  any  particular  expertise 
for  judging  what  types  of  designs  would  be  most  promising,  or  even  those 
which  likely  would  sell  or  rent.  Thus  it  was  easy  for  the  department, 
and  congress,  to  lose  track  of  the  objectives  as  the  program  was  debated 
politically.  Similarly,  the  FAA  was  not  in  the  business  of  building, 
or  procuring,  commencal  airlines.  The  commercial  airlines  were 
singularly  discouraging  when  asked  about  their  interest  in  a super-sonic 
traisport.  The  aircraft  producers  showed  no  particular  interest  in 
designing  and  building  such  a vehicle,  until  the  subsidies  grew  very 
large. 

Very  few  of  the  housing  designs  created  through  Project  Breakth’^cugh 
proved  viable  commercially,  nor  did  they  serve  as  a significant  bas's 
for  follow-up  design  work.  The  British/French  experience  with  the'r 
suoersomc  transport  indicates  how  fortunate  the  United  States  was 
that  the  program  was  stocoed  before  it  resulted  in  a technological!,, 
viable  aircraft. 

I,  along  with  many  other  economists,  would  argue  that  the  lesso'' 

' here  is  general,  not  particular  to  these  two  cases.  There  are  many 
other  studied  cases,  most  of  these  European,  where  the  government 
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has  tried  to  identify  and  support  particular  products  that  ultimately 
would  prove  to  be  conmercial  successes.  While  there  are  a few  successes, 
the  batting  average  has  been  very  low,  except  where  the  government  in 
question  has  been  willing  to  subsidize  or  require  the  procurement  of 
the  completed  product  as  well  as  the  R and  D on  it. 

This  should  not  be  surprising.  In  many  of  the  industries  where 
this  has  been  attempted  (in  Europe)  the  private  companies  also  were 
investing  in  R and  0,  and  the  government  was  in  a position  either  of 
duplicating  private  effort,  subsidizing  that  effort  and  probably 
therefore  replacing  private  R and  D monies,  or  investing  in  a design 
that  the  private  companies  had  decided  to  leave  alone.  In  the  last 
case  it  might  be  argued  that  there  is  legitimate  public  role  in 
supporting  work  on  designs  that  are  a generation  ahead  of  those  that 
the  companies  themselves  are  exploring.  However,  as  the  supersonic 
transport  and  a number  of  other  like  examples  indicates,  the  sensible 
way  to  explore  the  next  generation  of  technologies  is  through  doing 
generic  research,  building  and  studying  prototypes,  etc.  The  appropriate 
research  prooram  is  one  modeled  after  NACA,  not  one  modeled  afte*^  the 
supersonic  transport  project. 

If  the  United  States  were  to  drop  its  anti-trust  laws,  and  the 
objective  of  perserving  internal  competition  that  those  laws  embody, 
then  it  might  be-possible  to  mount  a policy  to  help  industry  search 
for  "winners".  In  various  of  the  European  countries,  and  Japan, 
competition  is  viewed  not  so  much  in  terms  of  rivalry  among  domestic 
companies,  but  in  terms  of  competition  from  abroad.  In  these  circum- 
stances it  is  possible  for  the  government  to  work  with  industry  as 
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a whole,  and  to  participate  in  laying  the  bets,  and  in  dividing 
of  the  market.  As  the  law  exists  in  the  United  States,  much  of 
the  information  needed  to  guide  a government  program  to  help 
industry  find  and  support  "winners"  is  proprietary,  not  shared 
among  firms,  and  not  accessible  to  a governmental  body.  The 
experience  of  the  European  governments  in  trying  to  pick  winners 
indicates  the  costs  of  these  American  constraints  are  not  severe; 
constraints  are  looser  in  Europe  and  the  record  of  public 
policies  to  help  industry  indentify  and  support  winners  is  not 
encouraging.  The  experience  in  Japan  may  or  may  not  be  different. 

At  the  present  time  not  enough  is  known  about  what  the  Japanese 
actually  do  to  make  a judgement  on  this.  In  any  case,  modes 
of  government  - industry  cooperation  in  Japan  are  so  radically 
different  from  those  in  the  United  States  that  it  is  doubtful  we 
can  learn  much  of  use  to  us  from  the  Japanese  experience. 

It  is  a shame  that  so  much  of  tne  discussion  about  government 
support  of  industrial  R and  D in  the  United  States  has  swirled  around 
the  question  - should  the  government  try  to  pick  winners?  The  evidence 
that  comes  from  our  case  studies  answers  that  question  with  a resounding 
negative.  However  the  expe»‘ience  also  shows  that  there  are  many  other 
potentially  fruitful  ways  that  the  government  can  support  industrial 
research  and  development. 
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III.  Policy  Affecting  the  CUniate  for  Private  RiD 

Mjch  of  the  preceding  section  was  spent  disentangling  different 
kinds  of  government  RSD  support,  attempting  to  identify  the  reasons  why 
such  support  has  taken  different  form  in  different  industries,  and 
ihazarding  guesses  as  to  the  effects.  The  same  kinds  of  analytical 
challenges  face  us  in  this  section,  which  is  concerned  with  a variety 
of  different  government  policies  which  have  influenced  the  climate  for 
private  RiD  and  innovation,  but  which  do  not  involve  direct  governmental 
support  of  R&D.  Regulation,  for  example,  has  meant  very  different 
things  in  the  various  industries  studied. 

The  fact  that  the  policies  considered  here  do  not  involve  direct 
R&D  support  may  not  be  the  most  important  difference  between  them,  and 
the  policies  considered  in  the  preceding  section.  The  policies  discussed 
above  obviously  were  intended  to  influence  technological  advance.  Hov/ever, 
many  of  the  policies  considered  here  were  put  in  place  for  quite  other 
purposes.  It  is  not  clear  whether,  or  to  what  extent,  they  realistically 
can  be  regarded  as  instruments  that  might  be  consciously  employed  to 
influence  innovation.  Put  another  way  the  problem  is  this.  Virtually 
every  policy  of  government  influences  the  climate  for  innovation  in  seme 
way,  in  greater  or  lesser  degree.  For  only  a few  is  their  influence  on 
innovation  a major  factor  considered  in  their  design  and  implementation 
Which  policies  should  be  considered  explicitly  here?  Presumably  those 
whose  influence  is  significant,  and  whose  design  is  influancible  through 

I 

evidence  about  it's  impact  on  innovation.  Unfortunately  evidence  of 
magnitude  of  impact  is  hard  to  come  by.  Therefore  the  focus  must,  and 
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should  be,  on  policies  widely  regarded  as  having  a significant  effect, 
and  as  subject  to  modification  to  make  that  effect  more  positive  or 
less  negative,  whether  this  belief  is  justified  or  not.  Since  the  case 
studies  contain  relatively  rich  material  on  them,  I shall  focus  on  three 
such  classes  of  policy  - regulation,  anti-trust  and  patent  and  other 
policies  affecting  property  rights  on  inventions.  I conclude  this 
section  by  discussing  why  it  is  not  likely  to  be  fruitful  to  look  to 
instruments  such  as  these  to  play  a powerful  role  in  any  package 
designed  for  the  express  purpose  of  stimulating  industrial  innovation. 

Requlat^'on 

If  the  reader  of  this  volume  commenced  with  any  strong  simple 
Ideas  of  the  effect  of  regulation  on  technological  change  in  industry, 
the  case  studies  should  have  disabused  him  of  these.  The  studies  reveal 
how  diverse  regulation  is  and  how  complex  and  subtle  sometimes  are 
its  influences. 

The  automobile  industry  and,  to  a lesser  extent,  residential 
construction  reveal  what  has  been  called  "new  style"  regulation  at 
work.  (As  the  housing  example  testifies,  new  style  regulation  is 
not  so  new).  Regulation  he»-e  amounted  to  the  imposition  of  certain 
requirements  on  the  products  produced  or  the  technology  employed  with 
the  objective  of  assuring  certain  standards  of  quality,  or  safety, 
or  protecting  the  environment,  etc.  However  regulation  has  nad  quite 
different  purposes  in  the  two  cases,  and  has  had  different  consequences 
for  technological  advance. 
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In  the  housing  case,  regulation  has  been  conservative.  Building 
codes  and  standards  have  stuck  pretty  close  to  prevailing  techniques 
and  materials,  or  simple  modifications  thereof.  Far  from  being  aimed 
to  draw  forth  new  materials  and  methods,  in  housing  regulation  has  aimed 
to  monitor  and  screen  these  and  in  fact  has  made  significant  innovation 
expensive  if  net  downright  impossible.  In  contrast,  in  the  case  of 
automobiles  regulation  has  been  used  aggressively  to  pull  forth  new 
technologies.  When  the  regulations  were  imposed  it  was  well  understood 
that  prevailing  technologies  could  not  meet  the  standards.  One  can 
argue  about  whether  regulation  was  the  most  appropriate  or  efficient 
method  to  pull  forth  the  desired  innovations.  White,  and  other 
scholars,  believe  that  the  route  has  been  inefficient  and  expensive. 
Above  I have  suggested  that  the  regulatory  strategy  led  to  government 
neglecting  direct  R&D  funding.  But  it  certainly  is  not  the  case 
that  regulation  has  deterred  innovation. 

Pharmaceutical  regulation  is  something  else  agair.  Originally 
concerned  with  maintaining  purity  standards  and  safety,  in  the  1960's 
regulation  began  to  try  to  assure  efficacy  as  well,  and  to  constrain 
and  monitor  the  safety  of  the  R&D  process  itself.  There  are  very 
real  questions  about  whether  the  post  1950’s  regulatory  environment 
has  increased  the  efficacy  of  the  new  drugs  that  reach  the  market,  or 
guarded  the  safety  of  patients  and  experimental  subjects  to  any 
significantly  enhanced  degree.  As  Grabowski  and  Vernon  argue,  it 
is  not  easy  to  pin  down  and  separate  the  effect  of  U.S.  pharmaceutical 
regulation  on  the  flow  of  new  pharmaceuticals  into  the  cornucopia. 

It  is  clear,  however,  that  regulation  has  significantly  increased 
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R&O  costs,  and  delayed  the  Introduction  of  new  drugs  compared  to  the 
date  of  Introduction  In  countries  with  different  regulatory  regimes. 

The  effects  of  new  style  regulation  show  up  less  strikingly  in 
the  other  industry  studies.  However,  environmental  and  safety  regulation 
has  in  recent  years  come  to  play  a significant  role  in  influencing  the 
fertilizers  and  pesticides  that  farmers  could  use,  and  relatedly,  the 
tests  and  hurdles  a new  substance  must  overcome  before  it  can  be  intro- 
duced to  the  market.  To  my  knowledge,  however,  no  study  of  the 
effect  of  such  regulations  on  the  flow  of  fertilizers  and  pesticides 
has  been  made,  comparable  to  the  studies  of  the  effects  of  regulations 
on  the  introduction  of  new  pharmaceuticals. 

Of  our  case  studies,  civil  aviation  has  been  the  industry  that  has 
been  most  strongly  influenced  by  what  has  been  called  "old  style"  public 
utility  regulation  - regulation  aimed  at  constraining  prices  and  requiring 
certain  standards  of  service  delivery.  In  this  particular  case  the 
airlines,  while  regulated,  were  in  nvalrous  competition  with  each  ot^icr. 
Further,  the  industry  doing  most  of  the  relevant  R&O  - the  airframe 
industry  - was  not  regulated  The  consequence  of  regulation  undoubtedly 
was  to  spur  innovation. 

As  has  been  the  case  m other  regulated  but  nvalrous  industries, 
for  example  railroads,  here  regulation  must  be  understood  as  setting 
floors  under  prices  as  well  as  establishing  ceilings.  In  the  airline 
case  the  result  was  that  since  rate  competi tion-was  blocked  on  lucrative 
competitive  runs,  the  airlines'  competitiveness  spilled  over  into  the 
providing  of  better  services,  and  seats  on  more  attractive  aircraft.  The 
consequence  was  that  the  airlines  provided  a strong,  indeed  eager,  market 
for  new  aircraft.  It  often  has  been  argued  that  old  style  public  utility 
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regulation  stifles  Innovation;  this  most  emphatically  was  not  the  case 
here.  This  Is  not  to  argue  that  the  regulation  of  air  transport  was  a 
desirable  policy  from  a social  point  of  view  or  even  that  the  stimulus 
provided  by  regulation  for  the  development  of  transport  aircraft  was 
socially  desirable.  It  simply  Is  to  warn  against  the  simple  minded 
notion  that  regulation  generally  deters  Innovation. 

In  view  of  the  diversity  of  regulation  and  Its  Impact,  deregulation 
or  regulatory  reform  means  different  things  In  different  Industries. 

For  the  airlines  it  has  meant  the  abandonment  of  rate  regulation  and 
the  relaxation  of  CAB  control  on  routes.  While  the  new  regime  of  aircraft 
competition  may  provide  strong  demand  for  new  aircraft,  it  is  hard  to 
argue  that  the  demand  will  be  any  stronger  than  It  was  under  the  old 
regulated  regime,  although  the  pattern  of  demand  may  be  different.  Airline 
deregulation  is  part  and  parcel  of  the  deregulation  movement  for  Industries 
which,  in  the  past,  have  been  treated  as  public  utilities  despite  the  fact 
that  their  structure  permitted  considerable  competition. 

Reform  of  environmental  and  safety  regulation  Involves  a different 
set  of  issues  and  strategies.  Here  the  movement  is  to  create  regulation 
setting  machinery  that  will  consider  costs  as  well  as  benefits,  toward 
using  performance  standards  rather  than  prescribing  particular  technologies . 
and  (in  some  cases)  toward  the  use  of  fees  or  marketable  licenses  rather 
than  quantitative  restrictions.  In  my  mind  there  is  no  doubt  that  such 
a reformed  regulatory  regime  would  provide  a better,  if  not  necessarily 
a stronger  environment  for  the  generation  of  technological  advances 
that  respect  environmental  and  safety  values.  However,  what  Is  needed 
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here  Is  more  sophisticated  regulation,  not  "deregulation."  Unfortunately 
much  of  the  apparent  thrust  toward  modification  of  "new  style"  regulation 
is  toward  abandonment  rather  than  reform. 

For  the  pharmaceutical  industry  regulatory  reform  largely  means 
simplifying  and  speeding  up  the  evaluation  procedures  for  new  drugs. 
(Gravowski  and  Vernon  argue  the  current  regulatory  regime  has  significantly 
retarded  and  increased  the  cost  of  pharmaceutical  innovation  in  the 
United  States,  and  that  the  most  effective  available  vehicle  for  spurring 
innovation  is  regulatory  reform.  However,  of  the  industries  studied  in 
this  volume,  pharmaceuticals  probably  is  unique  in  this  respect. 

Antitrust 


Just  as  with  regulation,  many  people  carry  around  in  their  heads 
an  over  simplified  and  distorted  view  of  what  antitrust  has  meant  for 
technological  advance.  The  case  studies  reveal  quite  complicated  and 
varied  stories. 

The  pharmaceutical  and  automobile  industries  have  been  trad’tioncl 
targets  of  antitrust  prosecution.  Usually,  however,  the  antitrust 
cases  have  not  involved  innovation,  or  R&D,  directly,  but  rather  have 
been  concernea  with  such  old  fashioned  matters  as  price  fixing  or  other 
"conspiracies  in  the  restraint  of  trade."  In  the  pharmaceutical 
Industry  a few  of  these  have  involved  patent  licensing,  and  other 
related  issues.  However  neither  the  Grabowski  and  Vernon  study,  nor 
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other  studies  of  the  pharmaceutical  industry,  have  argued  that 
antitrust  has  had  much  of  an  influence  on  innovation  in  the  industry. 
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one  way  or  another. 

In  the  autO(nob11e  Industry,  it  is  quite  possible  that  concern 
about  antitrust  action  has  deterred  General  Motors  from  being  as 
agressive  technologically  as  it  might  have  been.  On  a few  occasions 
antitrust  has  touched  directly  on  issues  relating  to  RJD  and  technological 
advance.  The  restrictions  on  patent  pooling  and  on  certain  forms  of 
cooperative  RJD  were  noted  in  White's  case  study.  The  lawyers 
for  the  automobile  company  certainly  had  misgivings  about  what  the 
antitrust  division  would  do  if  they  joined  the  prooosed  Cooperative 
Automotive  Research  Program.  However  present  antitrust  guidelines, 
which  permit  cooperative  RJD  if  the  results  are  net  treated  as 
proprieta»"y,  would  appear  to  leave  room  for  programs  of  this  sort 
and  for  most  fruitful  kinds  of  government-industry  cooperative  programs. 

The  computer  industry  is  an  interesting  one  for  thinking  through 
certain  conundrums  about  antitrust  and  industrial  innovation.  The 
history  presented  in  the  this  volume  stops  at  just  about  the  time 
that  IBM  achieved  the  dominance  which  it  now  has  maintained  for 
close  to  twenty  years.  As  Katz  and  Phillips  shew,  IBM  was  successful 
in  part  because  it  guessed  right  technologically,  and  in  part  because 
it  judged  the  market  correctly.  Other  scholars  have  remarked  that 
its  prior  dominance  in  punch-card  calculator  business  gave  IBM  a 
special  advantage  in  the  sale  of  computers  to  business  users.  Scholars 
and  lawyers  may  dispute  regarding  whether  it  was  technological  leadership, 
shrewd  judging  of  the  market,  effective  marketing,  taking  advantage 
of  old  ties,  or  behavior  prosecutable  under  the  antitrust  laws,  which 
have  enabled  IBM  to  preserve  its  dominance  (in  large  scale  civilian 
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computers).  The  antitrust  cases  have  Involved,  however.  In  an  essential 
way,  complaints  about  the  way  IBM  goes  about  designing  and  Introducing 
new  computers,  and  the  remedies  proposed  Include  some  that  would 
significantly  limit  the  freedom  of  action  of  IBM  regarding  RiD  and 
Innovation. 

The  case  studies  reveal  at  least  two  striking  instances  where 
antitrust  and  other  structural  policies  preserved  or  made  a competitive 
market  structure  with  apparent  salutory  effects  on  industrial  innovation. 
Although  some  scholars  maintain  that  AT&T  had  no  Interest  in  going  into 
production  for  sale  of  transitors  anyhow,  the  consent  decree  legally 
foreclosed  that  option.  The  evolution  of  the  semi-conductor  industry 
might  have  been  different  had  AT&T  decided  to  get  into  the  commercial 
market.  It  also  might  be  noted  that  the  consent  decree,  while  most 
visablc  in  our  semi-conductor  study,  stopped  ATST  from  going  into  any 
commercial  market  not  directly  connected  with  the  telephone  service, 
not  merely  the  semi-conductor  commercial  market.  The  evolution  of 
the  conmercial  computer  industry  might  have  been  significantly  different, 
absent  the  restraints  on  Bell  labs  and  Western  Electric.  As  this 
report  is  written.  Congress  and  Administration  are  debating  proposals 
to  relax  constraints  on  AT&T. 

A second  example  of  government  policies  which  influenced  on 
industry's  structure  in  a way  that  had  a profound  impact  on  technological 
advance  is  the  revised  airmail  act  of  1934.  This  act  broke  up  vertical 
Integration  among  airlines,  airline  manufacturers,  and  engine  manufacturers, 
and  left  a more  open  and  competitive  structure.  Again,  it  Is  difficult 
to  judge  what  would  happened  if  the  industry  remained  vertically  integrated. 
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but  1t  1s  hard  to  Imagine  that  technological  advance  would  have  been 
any  faster  than  It  was. 

Patent  and  Related  Policies 


How  about  public  policies  affecting  patenting  and,  more  generally, 

I 

the  ability  of  the  company  to  appropriate  the  returns  to  an  Invention 
It  makes?  Again,  the  picture  is  mixed  and  complex. 

In  the  pharmaceutical  industry  It  Is  apparent  that  the  ability 
to  patent  a new  drug  is  virtually  essential  if  that  drug  is  to  be 
profitable  for  the  company  that  creates  it.  Indeed  the  whole  history 
of  the  pharmaceutical  industry  would  have  been  different  had  the 
courts  ruled  that  antibiotics,  as  natural  substances,  could  not  be 
patented.  However,  in  pharmaceuticals  the  question  of  the  effective 
duration  of  a proprietary  market  hinges  not  only  on  patent  life  but  on  the 
decisions  of  physicians  and  pharmacists,  and  laws  impinging  on  these 
decisions,  regarding  whether  to  prescribe  and  give  out  a generic  or 
brand  drug  when  the  former  are  available.  Arguments  against  generic 
prescription  are,  in  effect,  arguments  that  protection  provided  by  a 
patent  ought  to  extend  beyond  its  legal  limit.  Of  course  the  effective 
life  of  a patent  in  the  pharmaceutical  industry  depends  on  the  relation- 
ship between  the  date  of  patenting,  and  the  date  of  commercial 
introduction  of  the  product.  The  testing  and  licensing  requirements 
mean  that  there  is  often  a very  considerable  lag  between  patent 
'application  and  commercialization.  Returns  to  invention  in  the 
pharmaceutical  industry  clearly  depend  on  a wider  set  of  variables 
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than  the  strength  of  patents. 

For  many  of  the  other  industries  studied,  legal  protection  of 
proprietary  rights  seems  to  be  less  important  than  in  pharmaceuticals. 

Key  patents  have  played  a role  in  the  evolution  of  mechanical  machinery 
in  agriculture,  and  in  inducing  new  chemical  compounds  like  fertilizers 
and  pesticides.  However,  while  hybrids  were  judged  patentable,  it  is 
not  apparent  that  a patent  adds  much  to  the  protection  a seed  company 
has  for  its  particular  hybrid.  A potential  competator  cannot  really 
discern  the  exact  nature  of  the  crossing  that  led  to  the  particular 
hybrid  seed.  In  this  case  the  patent  may  be  minor  rather  than  major 
element  in  assuring  appropriability. 

In  semi-conductors,  while  firms  patent  their  new  devices,  these 
patents  do  not  have  much  force.  Sometimes  producers  of  new  devices  are 
able  to  hide  their  design  from  potential  competitors  by  "potting."  But 
in  this  industry  imitation  generally  is  quick.  Indeed  the  insistance 
of  government  and  other  purchasers  of  semi-conductors  on  "second  sourcinc" 
in  effect  requires  that  a firms  new  design  be  produced  by  another  firm 
as  well  as  the  innovator.  The  profits  to  a successful  innovator  in  thu 
industry  would  appear  to  reside  largely  in  the  headstart  which  provides 
a short  period  when  the  innovating  firm  is  the  sole  supplier,  and  an 
ability  to  move  down  the  learning  curve  before  other  firms  get  into 
production. 

With  a few  interesting  exceptions,  patents  appear  not  to  have 
played  a particularly  important  role  in  inducing,  or  making  profitable, 
innovation  in  automobiles  or  civil  aricraft.  Indeed  in  both  industries 
there  has  been  a tradition  of  relatively  easy  patent  licensing,  or  even 
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‘patent  pooling.  The  reason  for  the  lack  of  interest  in  a particular 
patent  would  appear  to  be  that  automobiles  and  aircraft  are  complex 
systems,  and  that  particular  patentable  components  do  not  really  play 
much  of  a role  in  determining  the  attractiveness  of  the  overall  system. 

It  is  the  gene-al  overall  engineering  of  the  product  that  counts,  and 
that  is  not  readily  patentable.  Much  the  same  situation  seems  to 
apply  in  computers.  While  patent  suits  marked  the  early  history  of 
the  industry,  IBM's  prominent  position  does  not  rest  on  its  patent 
holdings. 

General  Purpose  Instruments.  More  Generally 

It  would  be  easy  to  draw  on  the  case  studies  and  other  material 
to  extend  the  list  of  government  policies  which  influence  the  climate 
for  industrial  innovation.  Some  of  these  policies  are  broad  in  scope, 
although  their  influence  differs  from  industry  to  industry.  The  tax 
codes  are  one  of  these.  While  the  influence  of  the  tax  code  is  pervasive, 
particular  features,  like  the  treatment  of  capital  gains,  appear  to  be 
particularly  imoortant  in  certain  industries.  Thus  it  has  beer,  argued 
that  the  higher  taxat'on  of  capital  gains  that  came  with  the  tax  bills 
of  the  early  70's  had  an  especially  strong  negative  effect  on  funds  to 
finance  innovation  in  the  semi-conductor  industry.  It  is  unlikely  that 
these  statute  changes  had  a comparable  effect  on  aviation.  While  monetary 
pplicy  is  cross-cutting,  our  particular  monitary  institutions  segregate 
the  housing  industry,  and  make  that  industry  bear  the  brunt  of  the 
economic  fluctuations  to  a great  extent.  Some  policies  are  aimed  at 
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particular  industries.  Special  price  support  programs  certainly  have 
influenced  technological  advance  in  agriculture.  The  trade  agreement 
with  Japan  regarding  the  importation  of  television  sets  especially 
affected  the  U.S.  semi-conductor  industry.  I could  go  on.  However,  if 
our  search  is  for  instruments  that  can  be  considered  powerful  tools  for 
a policy  to  stimulate  industrial  innovation,  such  extended  listing  and 
analysis  is  not  likely  to  be  fruitful.  There  are  several  reasons. 

First,  the  broad  policies  in  guestion  have  been  put  in  place  for 
a variety  of  reasons.  Arguments  about  their  affect  on  industrial 
innovation  will  carry  only  limited  weight  in  influencing  the  debate 
about  their  reform.  This  is  not  to  say  that  such  arguments  have  no 
influence.  Thus  a tax  credit  for  R&D  was  proposed  by  several  groups 
as  an  important  instrument  to  spur  innovation,  and  such  a tax  credit 
was  part  of  the  recent  Reagan  tax  modification  purchase.  However, 

RiD  tax  credit  was  but  a small  part  of  that  bill,  and  it  is  unlikely  ^hat 
the  particular  proposal  would  have  been  heeded  had  there  not  been  a 
general  thrubt  toward  tax  reductions  of  various  kinds. 

Second,  the  broad  policies  in  question  often  differ  in  the 
particulars  of  their  application  f»-on  sector  to  sector.  Therefore, 
it  is  virtually  impossible  to  identify  any  general  rules  for  reform 
of  any  of  these  instruments  for  tne  purpose  of  spurring  industrial 
innovation.  Rather,  the  most  salient  proposals  would  appear  to  be 
industry  specific  - for  examole  particular  reforms  of  pharmaceutical 
regulation. 

Third,  while  undoubtedly  in  some  cases  there  is  a trade  off  bctvecr 
stimulus  of  industrial  innovation  and  other  policy  objectives,  our 
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perusal  of  the  case  studies  suggests  that  in  most  instances  the  reforms 
that  make  sense  in  terms  of  enhanced  stimulus  of  the  right  kind  of 
innovation  makes  sense  in  terms  of  more  general  criteria  as  well.  Thus, 
while  regulatory  refon-p  is  not  a broad  panacea  for  stimulating  faster  or 
better  directed  technological  advance,  the  kinds  of  reforms  that 
scholars  long  have  prooosed  on  grounds  of  general  economic  efficiency 
for  pharmaceutical  regulation,  and  auto  emissions  control,  probably  would 
affect  innovation  in  the  right  direction.  Ou*”  case  studies  reveal  a 
few  instances  where  anti-trust  may  be  acting  as  a restraint  on  certain 
types  of  industrial  innovation,  but  certainly  provides  no  general 
indictment  of  anti-trust  policy  on  these  grounds.  The  anti-trust  issues 
involved  in  the  suits  against  IBM  or  AT&T  are  complicated.  As  a general 
rule,  however,  it  does  not  appear  that  anti-trust  is  hobbling  innovation 
by  business.  Similarly,  there  appears  to  be  no  general  naqic  in  reform 
of  the  patent  law,  or  in  the  patent  policies  of  particular  government 
agencies  that  fund  R&D. 

Let  me  not  be  misunderstood.  It  may  well  be  that  establishment  of 
a generally  supportive  climate  for  industrial  R&D  is  the  most  imocrtant 
thing  the  government  can  do  to  facilitate  industrial  innovation.  I would 
put  particular  stress  of  the  importance  of  strong  aggregate  demand, 
relatively  stable  demand  growth,  and  predictable  prices. 

When  business  conditions  are  good,  and  incom.es  and  demand  are 
growing  rapidly  and  predictably,  business  firms  can  anticipate 
an  expanded  market,  and  make  their  investment  and  R&D  plans  accordingly. 
When  demand  is  stagnant,  oi  uncertain,  investment  in  new  plant  and 
equipment  is  deterred,  and  R&D  aimed  to  tao  new  markets  may  look  like  a 
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very  risky  proposition.  Of  the  industries  studied  in  this  volume, 
housinq  is  the  one  that  is  most  noticeably  influenced  by  changing 
macroeconomic  conditions.  Quigley,  and  others,  have  argued  that  the 
cyclical  sensitivity  of  residential  construction  is  an  important 
factor  explaining  the  structure  of  the  industry,  and  the  limited 
'incentives  for  innovation  associated  with  investment  in  durable 
equipment.  However,  virtually  all  industry  is  subject  to  some 
cyclical  influences.  The  demand  of  farmers  for  new  agricultural 
implements  is  c3'clically  sensitive.  A non-trivial  proportion  for 
the  demand  for  semi-conductors  is  cyclically  sensitive.  Economic 
slumps  hurt  the  airlines,  diminished  their  ability  and  incentive  to 
invest  in  new  equipment,  and  reduce  returns  to  the  design  and 
development  of  new  aircraft. 

However,  even  if  there  were  no  effects  on  innovation,  it  would 
be  the  objective  of  macroeconomic  policy  to  achieve  substained 
growth,  high  employment,  steady  prices.  As  with  regulatory  and 
anti-trust  policy,  the  objective  of  stimulating  innovation  carries 
no  particular  implications  for  fiscal  and  monetary  policies. 

It  seems  to  be  like  this  in  general.  If  the  specific  interest  is 
in  stimulating  innovation,  it  is  a mistake  to  look  largely  to  ger,e>'al 
purpose  policies.  The  design  of  them  can  be  influenced  only  marginall.. 
by  concerns  about  innovation,  and  often  concern  for  innovation  does 
not  point  to  departures  from  policies  that  are  sensible  on  more 
general  grounds.  If  "innovation"  policy  is  to  have  any  meaning,  search 
for  one  must  be  focussed  on  more  specialized  instruments. 
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IV.  A Brief  Summing  Up 

In  the  preceding  section  we  identified  a wide  range  of  government 
policies  that  defined  the  climate,  influenced  incentives  for,  and 
Imposed  constraints  on  industrial  research  and  development.  In  virtually 
lall  of  our  cases  studies  one  or  more  of  these  government  policies  were 
an  important  part  of  the  story.  However,  the  most  important  such 
policies  differed  from  industry  to  industry.  While  it  is  apparent 
that  a number  of  specific  reforms  might  have  significant  benefits, 
the  case  studies  do  not  seem  to  reveal  any  general  and  powerful 
guidelines  for  regulatory  or  anti-trust  or  patent  policy  reform.  If 
a serious  mandate  reemerges  to  find  and  implement  government  policies 
that  will  significantly  spur  industrial  innovation,  while  there  is 
an  understandable  temptation  to  look  for  modification  in  these 
instruments  to  do  the  trick,  there  is  not  much  leverage  there.  Moreover 
the  kinds  of  improvements  in  macroeconomic  and  other  policies  that  make 
most  sense  in  terms  of  stimulus  of  the  right  kind  of  innovation,  make 
good  sense  in  terms  of  other  criteria  as  well. 

If  government  is  to  look  specifically  for  policies  that  may  have 
a significant  stimulating  effect  on  industrial  innovation,  the  place 
to  look  IS  in  the  bag  of  R&O  support  policies.  In  this  chapter  I have 
not  attempted  to  give  a general  rationale  or  justification  for  active 
government  support  of  RJP,  nor  to  draw  up  fine  theoretical  arguments 
to  guide  such  policies.  As  I stated  in  the  introduction,  a decade  or 
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so  ago  economists  had  much  clearer  and  more  pointed  theoretical  views 
about  these  matters.  The  externalities  from  RXD  and  the  uncertainties 
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involved  led,  according  to  the  theoretical  perspective  prominent 
at  that  time,  to  a divergence  between  the  quantity  of  RiD  expc'diture 
that  firms  would  find  most  profitable,  and  the  quantity  that  was 
optimal  from  a social  point  of  view.  The  firms  woul<^  spend  too 
little.  Public  suppo»"t  or  subsidy  therefore  was  warranted,  and 
ought  to  be  focused  on  those  kinds  of  R&D  and  on  those  industries 
where  the  external  ities  and  the  uncertainties  were  the  greatest. 
Subsequent  theoretical  work  has  led  economists  to  draw  a more 
complicated  picture.  A competitive  regime  in  which  firms  gain 
property  rights  on  certain  of  their  technologies  draws  forth  some 
R&D  that  is  socially  wasteful.  Major  techno'ogical  uncertainties 
call  for  a variety  of  approaches  with  open  knowledge  of  routes 
being  explored  and  what  is  being  found  along  the  way,  and  not  a 
big  push  along  one  particular  road.  The  problem  with  market  induced 
industrial  R&O  allocation  lies  in  the  portfolio,  the  allocation  of 
resources,  rather  than  in  a total  magnitude  of  effort. 

••k 

But  if  the  problem  is  not  simply  characterizable  as  "too  little" 
research  and  develocnent,  the  design  of  appropriate  government  policies 
requires  mechanisms  to  identify  the  particular  kinds  of  research,  and 
sometimes  the  particular  projects,  that  are  being  under- funded.  Therein 
lies  the  problem.  Government  agencies  are  seriously  constrained  in  the 
information  they  are  able  to  marshal  directly  or  indirectly  to  guide 
the  allocation  of  public  RSO  monies. 

The  historical  experience  canvased  in  this  volume  suggests 
that  there  are  three  routes  that  can  be  followed.  One  is  to 
assnriate  government  R&D  support  with  procurement  or  another 
well  defined  public  objective.  A second  is  to  define  and  fund 
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arenas  of  non-proprietary  research  and  allow  the  appropriate 
scientific  community  to  guide  RiO'al location.  The  third  is  to  develop 
mechanisms  whereby  potential  users  guide  the  allocation  of  applied 
research  and  development  funds.  A fourth  kind  of  policy,  in  which 
government  officials  try  themselves  to  identify  the  kinds  of  projects 
that  are  likely  to  be  winners  in  a conmercial  market  competition,  is 
seductive,  but  the  evidence  collected  in  this  volume  and  other  studies 
suggests  that  it  is  a strategy  to  be  avoided. 

These  are  qualitative  judgements  drawn  from  qualitative  and 
impressionistic  case  studies.  While  I can  provide  some  reasoning  to 
make  them  plausible,  I can  provide  no  tidy  and  powerful  general 
theoretical  justification  for  them.  Perhaps  the  lesson  that  economists 
should  draw  from  their  earlier  attempts  to  base  presen otion  for 
government  R&D  policy  on  theoreticals  arguments  is  that  this  is  a 
dangerous  game.  Economic  reality  is  too  complicated  to  be  fit 

1 

well  by  any  simple  theory.  More  complicated  theories  generally 
point  in  different  policy  directions  depending  on  the  quantitative 
magnitude  of  certain  key  parameters.  The  design  of  good  policy  depends 
on  hard  empirical  research,  and  not  simply  on  theoretical  reasoning. 

There  are  two  major  weaknesses  with  the  evidence  provided  in 
this  volume  supporting  the  above  propositions  about  policies.  First, 
the  evidence  comes  largely  from  studies  of  seven  U.S.  industries. 
Second,  at  that  the  evidence  is  qualitative  and  judgemental,  not 
quantitative  and  readily  verifiable. 

The  first  weakness  is  not  as  serious  as  it  might  seem,  although 
this  study  would  have  been  enriched  had  coverage  been  wider.  There 
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are  available  a number  of  other  industry  studies,  some  of  the 
United  States,  some  of  Europe.  There  are  also  several  across 
the  board  evaluations  of  government  policies  in  support  of 
industrial  innovation,  particularly  policies  of  European  countries. 

The  conclusions  drawn  in  this  chapter  were  influenced  not  only  by 
the  case  studies  presented  here,  but  also  by  this  other  evidence, 
and  are  consistent  by  and  large  with  both  bodies  of  data. 

The  second  weakness  is  the  serious  one.  One  can  try  to  avoid 
having  to  base  conclusions  largely  on  qualitative  and  impressionistic 
evidence  by  constructing  formal  models  and  hypotheses  and  estimating 
and  testing  these  with  statistics.  To  some  extent  this  kind  of 
work  has  been  done  for  agriculture.  But  such  quantitative  conclusions 
are  no  better  than  the  models  and  the  data  on  which  they  are  based, 
and  these  contain  large  elements  of  the  subjective  and  judgemental. 
Personally  I fear  more  the  faith  that  lay  persons,  policy  makers, 
and  even  scholars,  often  show  in  quantitative  conclusions  drawn  frc" 
shaky  models  and  data  than  I do  conclusions  that  are  explicitly 
qualitative  and  judgemental.  When  our  knowledge  is  stronger,  when  we 
understand  things  well  enough  to  have  confidence  in  the  basic  form 
of  the  models  we  write  down,  when  we  have  data  that  are  more  conformable 
with  our  operating  models  then  is  the  case  at  present,  then  quantitative 
studies  can  play  a greater  role.  I would  argue  that  at  the  present 
time,  however,  the  most  promising  route  towards  such  stronger  knowledge 
is  case  studies  of  the  sort  presented  here,  and  the  kind  of  qualitative 
judgemental  analysis  developed  in  this  chapter. 
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